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THE SIGNIFICANCE OF THE PERICARDIUM. 
By YAS KUNO (Mukden). 


(From the Institue of Phyeiloy, Universi Cale London pe 


The of opening the perordinm on the arte 
A. The inflnence on the venous pressure | 
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©. The influence on the arterial pressure . . 9 
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heart when the venous inflowis altered . . II. 
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mechanism for the heart . 26 


it prevents over-distension of the heart, but the only experimental 


work on its mechanical effect with which I am Acquainted i is that of 
Barnard().. He showed that the pericardium i is inextensible and 
that it can bear a pressure of 1} to 1? of an atmosphere, whereas. 
the heart ruptures at @ pressure of 3 to 1 atmosphere. He also 
found that a heart without the pericardium is able to receiye twice 
as much fluid as a heart with pericardium intact.  _ 

‘Recently an investigation of the effect of opening the pericardium 


: on the gaseous exchanges of the heart has been made by Evans and 


Matsuoka@). Their results afford an interesting corroboration from 
the chemical standpoint of the conclusions I have arrived at from a 
of the. purely mechanical results. 

The of and 280) and of Patterson, 


PH. L. 
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9 YAS KUNO. 


Piper and Starling‘) from this Institute, have proved the following 


facts. The work of the heart depends on the length of its muscle 
fibres at the beginning of systole. The length is therefore determined 
by the quantity of blood flowing into the heart during diastole. The 


output increases with the inflow within very wide limits, and a heart | 


of 50 grms. is able to expel from 100 c.c. to 3000 ¢.c, of blood, according 
to the conditions of inflow. In these experiments the pericardium 
was always opened. In view of these results and those of Barnard, 
the question arises as to whether such a great variation in volume is 
possible in the heart with pericardium intact. I have therefore carried 
out the following experiments with a view to determining what, if any, 


difference exists in the function of the heart with and without peri- 
cardium, and in what way the pericardium acts as a protective organ 


Method. Nearly all the experiments were carried out on the heart- 


_ lung preparation om dogs, and the preparation was made in the same — 


way as that used in the experiments of Patterson and Starling, 
_ though with the following alteration. In their experiments the venous 


‘reservoir was usually fixed at a height of 35 cms. The venous pressure 


could be altered to any desired extent by screwing or unscrewing the 
_ clip on the rubber tube connecting the reservoir with the venous cannula. 

In this way the venous pressure is determined by regulating the blood 
supply from the reservoir. So long as the heart is working under 


constant conditions, the venous pressure will also remain constant. 


If however the heart’s action for any reason becomes more powerful, 
so that the heart drives out more blood and can deal with a larger 


inflow, the conditions become somewhat abnormal, since the inflow — 


is limited by the screw clip on the supply tube. The venous pressure 
measured near the right auricle therefore sinks and may become 
. abnormally low for the heart. If the heart’s action is weakened, the 
result is exactly the opposite. This arrangement is therefore not well 
adapted for experiments such as those contained in the present paper, 


_ in which we expect changes in the efficacy of the heart’s action. We 


may probably assume that in the normal animal the venous supply 
to the heart is always adequate and we must endeavour to imitate 
this condition in any artificial schema. For this purpose I have con- 
nected the blood reservoir with the venous cammula by means of a very 


wide rubber tube, and, omitting the screw clip, have used changes in 


the height of the reservoir to bring about alterations in the venous 


pressure. In this arrangement there is always an ample supply of blood 


- a . 
J 
| 
> 
x 
| 
| 
} 
. 
‘4 
| 
- 
| 
Ag 
var 
t¢ 
Ae 
ag 
tee A 
as 

=H ot 


PERICARDIUM. 


to the heart whatever changes may have occurred in the action of this 
‘organ. | 
Unfortunately the advantages of this arrangement were not apparent 
to me at the beginning of the investigation. A large number of my 
' experiments were made with the first arrangement, and I have only 
peng to repeat a certain proportion of them with the improved 
_ In order to determine the function of the pericardium I have carried 
out experiments in two ways. In some experiments I have first made 
a series of determinations with the pericardium intact, then opened | 
the latter and repeated the experiments, comparing the results in the 
two series. In most cases however I have arranged to open or close 
_ the pericardium at will, so that each set of conditions could be repeated 
first with closed and secondly with opened pericardium. For this 
purpose the pericardium was slit up in the middle line in front. 
A narrow strip of celluloid of the same length as the wound in the peri- 
cardium, provided with three or four holes, was then laid on each side 
of the wound and threads passed through the holes in the celluloid and 
the corresponding edge of the wound. On drawing these threads 
together and clamping them with small spring forceps, the pericardium 
ean be closed almost as effectively as in the normal condition. ! 
In my experiments the pressures in the aorta and in the vena cava, 
_ the output of the left ventricle, and in many cases the pressure in | 
the pulmonary artery, were simultaneously determined. —_ 


1 The influence of opening the pericardium on the arterial 
pressure, the venous pressure, and the output of the left ventricle. 

_ AL. The influence on the venous pressure. So long as the action 
of the heart remains constant, the height of the venous pressure is 
the chief factor determining the volume of the heart, which, as we 
have seen, is so important for its activity. If however the rapidity 
of diastole, or in other words the resistance to the dilatation of the 
heart, is altered for any cause, the heart under the same conditions will 
receive a correspondingly altered amount of blood during the diastolic 
period, so that if the inflow from the venous reservoir is not altered, 
the venous pressure must rise or fall. Any condition therefore which 
_ aids the diastolic relaxation of the heart must lower the venous pressure. 
_'. We may make the following assumptions: when the inflow into 

the normal heart is very large, its volume becomes also large, so that 
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‘YAS KONO. 


the pericardium must be strongly stretched. In this case the diastole 
of the heart must be interfered with to some extent by the presence 
of the pericardium. The venous pressure therefore rises considerably, 
but in spite of this rise the heart cannot receive as much blood during 
diastole as could enter it from the venous reservoir. If now the peri- 
cardium be opened, the heart must dilate under the high venous pressure. 
It will therefore receive more blood during diastole and expel more 
during systole. At the same time the venous pressure must fall and — 
the arterial pressure rise. This assumption however is only justified 
‘if the heart under physiological conditions is able to dilate to a volume 
considerably greater than that of the pericardial cavity. We have 
therefore to decide in the first place whether this assumption is really 
justified by the results of experiment,—whether in fact the heart is 
influenced by the pericardium only when its volume is largely increased — 
or whether the effect of the pericardium on the heart is appreciable | 
under all conditions. The answer to this question is given to a large 
‘extent by the observation of changes in the venous pressure. 
In all my experiments the venous pressure was determined in the 
vena cava by means of a cannula which was passed into this vessel 
from the abdomen and was connected with a water manometer. The 
_ effect of alterations in the inflow was observed with pericardium alter- 
nately closed and opened. It was found that in all cases when the 
inflow of blood was not excessive, the venous pressure sank each time 
the pericardium was opened. This fall of pressure was noticeable even 
when the inflow was so small, that the output of the heart amounted 
only to 190 c.c. of blood per minite. The extent of the fall of venous 
pressure varied considerably according to the amount of inflow, and 
also according as the inflow was varied by means of the spring clip or — 
by alterations of the reservoir connected with the venous cannula by + 
a wide rubber tube. We may speak of these two methods as methods ~ & 
_ When method 1 was employed the lowering of the venous pressure 3 
on opening the pericardium was much more striking than when the 
second method was used. Thus in the former case the venous pressure 
might sink to a fifth of its previous height on opening the pericardium, — 
whereas with the second method it might fall only to a half. The 
reason for this difference I have already discussed. .That the second 
method is more nearly analogous to the conditions which exist in the 
_ normal animal is shown by the results 1 have obtained on animals with 
_ opened thorax which will be discussed in Section D. In both methods 
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PERICARDIUM. 


however the'results are in the same direction and show that on opening 
the pericardium there is a fall of venous pressure which is very &mall 


Mig. (Tab, 1). Venous infow moderate. 


Fig. 2. (Tab. 1). Influence of opening the perloardiain. Very large inflow. (Method 1. 


when the inflow is small and becomes more marked when the inflow is 
increased up to a certain limit. If the venous inflow is increased beyond 
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this limit, the fall of venous pressure becomes less marked, so that, 
finally, opening the pericardium causes no further fall of venous pressure. — 
In many cases in fact there may be a distinct rise, associated with 
irregularity or failure of the heart’s action. In both cases the venous 
pressure rose, as one would expect, with increase in the venous inflow. 


The rate at which this increase occurs is however much slower when — 


the pericardium is opened than when it is shut, until the amount of 
inflow becomes excessive, when the venous pressure rises in both cases 
to an almost equal height. Two examples of such observations are 
illustrated by the following tables (Tables 1-2, cp. also Tables 4 and 7 
and the Figs. 1, 2, 7, 8, 9, 12, 17, 18). | : 
Figs. 1 and 2 were obtained from Exp. 1. In Fig. 1 the output 
before the opening of the pericardium was 1200 c.c., in Fig. 2, 2000c.c. — 
per minute. In Fig. 1 the venous pressure seemed to sink considerably, — 
while in Fig. 2 it actually rises after a temporary fall and is very 


| “Tt is easy to understand the reason for the fall of venous pressure 


which occurs on opening the pericardium when there is a considerable __ 


inflow into the heart. Since the heart cannot dilate to its full extent 
while constrained by the pericardium, each heart beat is not sufficiently — 
extensive to deal with the whole of the blood which could enter it 

from the venous reservoir during the time of diastole. When the 
__ pericardium is opened the heart can dilate, so that the energy of its 
contraction is increased. It can thus take up more blood and send 
out more blood than it did before, bringing about in this way a fall 
in the venous pressure and a rise in the output. The effect of opening 
the pericardium when the inflow is minimal is a little more difficult 
to understand, since in this case the heart cannot dilate to the limit 
set it by the pericardium. One must remember however that when 
the thorax is opened the whole weight of the heart is sustained by the 
pericardium. When this is widely opened, the heart tends ‘to fall — 
during diastole into the back of the chest. It seems possible that when _ 
the inflow is small and the distending pressure acting on the auricles 
is also minimal, the weight of the ventricles may drag upon the peri- 
cardium as this lies on the auricles, and so impede the dilatation of these 
cavities and the inflow of blood into the heart. It is doubtful whether 
this effect. of the pericardium on the limitation of inflow with a very 
low venous pressure would be appreciable in the unopened chest. Under 
the conditions of experiment however it seems that the so-called after- 
loading effect of the venous supply to thé heart does not occur when 
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PERICARDIUM. 


the pericardium is intact and that there is always, with the chest opened, 
a certain positive pressure exerted on the walls of the heart during 
diastole by the inflowing blood. This resistance of the pericardium — 
to the diastolic expansion must increase with any increase in the heart 
volume, so that the fall of venous pressure observed on opening the 
pericardium must be greater the larger the venous inflow. On the 
other hand the rise and irregularity of the venous pressure, which may 
be observed on opening the pericardium when the venous inflow is 
_ excessive, are due to failure of the heart, and will have to be discussed — 

_ T have often noticed that on opening the pericardium the venous — 


‘Fig. 3 (Tab. 2). Influence of opening the pericardium. Inflow latge. (Method 2.) 

| H.V. heart volume; V.P. venous pressure; A.P. arterial pressure. 3 
pressure sinks at once to a certain extent and then continues to sink 
slowly for one to two minutes afterwards. (See Fig. 3.) In this 
experiment (Tab. 2) the output of the heart before opening the peri- 
- cardium was 1480 c.c., after opening 2080c.c. per minute. After this 
initial fall the venous pressure continued to sink during the next two 
minutes from 121 to 111 mm. H,0, while the arterial pressure during 
the same ‘period rose from 107 to 111 mm. Hg, pointing to a gradual 
increase in the efficiency of the heart’s action. I am inclined to think 
that this slow improvement may be due to an improvement-in the — 
circulation through the coronary vessels, and that the pressure of the 
pericardium when marked may actually impede the flow through inane 
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vessels. Further experiments [however will be required before this 
can be regatded as established. = 
‘: Bu The influence on the output. It has been shown that the rate 
_ of diastolic filling is increased in: every case by opening the pericardium. 


_ If the height of the venous reservoir and the diameter of the connecting 


tabes remain unaltered, this quickening of diastole always brings about 


- an‘increase in the heart volume and therefore an increased output — 


at: each beat, since increased volume of the heart. means increased 
functional : capacity. All ‘the experiments which were carried: out by 


method 2 confirm this conclusion as to output, which was found ‘to — 


increase part passu with the lowering of the venous pressure (cp. Tables 
2, 7, and Figs. 7, 8, 17). On the other hand somewhat different results 
were obtained in the: experiments in which the venous inflow was con- 
trolled by altering the screw clip. When the inflow was considerable, 


the outflow was increased by opening the pericardium. If however 


the inflow was small, the output was hardly altered, if at all, by opening 


the pericardium, and in some cases I have observed 2-slight diminution — 


in the output. For example, in one experiment (heart 64 grms.) the 


output fell from 455 to 428 c.c, per minute; in another (heart 58 grms.) 
from 600 to 566¢,c. and from 365 to 323.¢.c. per minute. Tn every — 
case however where the inflow was over 600 c.c. per minute I obtained — 


_ & definite increase in the output on opening the pericardium. The 
only exceptions were those cases where the blood supply was so great 


that the venious pressure tose and the heart became irregular on opening 
the pericardium. In such cases there was a corresponding fall of 


outpub 


_, ‘The explanation of these results presents no difficulty. If method : 
is used with @ minimal inflow which is insufficient to dilate the heart 
during diastole to the limits set by the pericardium, the heart is already 


putting out practically the whole of the blood which it receives and 


keeping the pressure low in the great veins. Removal of the pericardium — 


therefore, although diminishing the pressure on the right auricle and 


ventricle and therefore causing a still lower venous pressure, does 


not alter the inflow and therefore cannot alter the output. The small 
diminution in output occasionally observed may be due to the increased 
fraction of the blood which’ may pass through the coronary vessels 
after removal of the constraint of the pericardium. On the other hand 
‘if the second method be used, é.e. a plentiful available supply: under 
& very low reservoir pressure, the small difference in venous pressure 
caused by opening the pericardium is sufficient to affect materially 
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the head of which ia responsible'for the filing of the heart 
duritig diastole: In this case therefore opening the pericardium ¢ causes 
increase in outiput (cp. Table 2). 
The influence on the arterial pressure. In the heart-lung prepara. 
tion ‘the resistance in the artificial circulation is’ maintained | ‘constant, — 
so that the-height of the ‘arterial pressure ix dependent on the output 
of the heart.. Fhe:influence of the pericardium on the arterial pressure : 
therefore depends on its‘influence-on the output. Thus. with small 


inflow’ (method opening the’ pericardium had practically no 


influence on the arterial: pressure, whereas with an adequate venous 
supply a marked rise of arterial pressure accompanied the increased 


output. The increased output at each beat is shown on the arterial 


presgure tracing by the larger oscillations of the manometer float with 


each beat. The varying influence of opening the perieassini on the 
arterial pressure according to the : 


venous inflow is shown in Figs. 4 
and 5. Fig. 4 is derived from the 
same animal as Fig. 3 (Tab. 2). 
The weight of ‘the heart was 
61 grms. and the venous inflow 
only 355 c.c. per minute. The 
second method was however 
adopted so that there was a poten- 
tial supply of blood to the heart. 
We see in this figure a definite rise 
of arterial pressure after opening 


pericardium. In Fig.5 froma 
heart of 50 grms. the venous supply "is. 4 (Tab. 2) Influence of opening 


was 695 c.c. per minute and the 2) 


venous inflow:was controlled. by: a 


screw clip. In this case hardly any change in the 
followed the opening of the pericardium although there was a definite 
fall of venous pressure from 53 to 25 mm. H,0. On the other hand, 
if the blood supply is so large that there is no fall of venous pressure 


as we see in Fig. 2. 


D. Experiments on the whole animal with open thorax. Inorder_ 
to investigate the condition of the venous supply to the heart in animals 
in @ more normal condition, I have carried out some experiments on 
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pom aninithidioed with chloroform ether, in which the chest was 


opened in the middle line. The pericardium was opened as usual and 


fitted with the celluloid and threads so that it could be closed at will. 
The arterial pressure was measured in the carotid artery and the venous 


pressure in the superior vena cava. In this condition the heart is at 


atmospheric pressure so that the dilating force acting on the heart. 


wall during diastole must be about 30 mm. H,O lower than normal, 
corresponding to the negative pressure of the thoracic cavity. The 
condition of such an animal is therefore comparable with those in the 
heart-lung preparation in which the venous pressure is maintained low. 


Me & ‘Influence of opening the pericardium. Inflow moderate. ovate! Ps. 
O.P. outpat ‘messured. 


_ definite rise of arterial pressure and fall of venous pressure on opening 
the pericardium. An example is given in Fig. 6, which is derived from 


an animal of 6-25 kilos. The pericardium was opened for a period of 


1§ minutes. The blood-pressure rose from 123 mm. Hg to 138-130 mm. 
Hg, while the amplitude of its oscillations increased from 8-5 to 18 mm., 


and the venous pressure sank from 40 to 19 mm. H,0. 3 
These results. agree with those of the experiments’ on the heart- 


lung preparation made by method 2 with an adequate venous supply 
corresponds 
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PERICARDIUM. 
more nearly to’ natural conditions than the one in which the flow is 
controlled by the screw clip. The same results of opening the peri- 


cardium were observed when the pressure was raised about 20 mm. Hg 
by compression of the abdominal aorta. | 


__ In order to make the results clearer as to the influence of the peri- 

_cardium on the arterial pressure, venous pressure and the output of 

_ the heart, I have represented the results of Table 2 schematically in the 
accompanying figure (Fig. 7)}. 


Fig. 6. Experiment on the intact animal with open thorax. A.P. blood-pressure 
ota in carotid artery; V.P. pressure in superior vena cava. — 


2. The relation between venous pressure and output of the 

: heart when the venous inflow is altered. , 
It is evident from the preceding section that in the heart free from 
the pericardium a smaller venous pressure is necessary to maintain a 
given output of blood than in the normal heart. It becomes interesting 


to enquire whether this apparently favourable influence of opening the _ 


_ pericardium on the output applies under all conditions, and especially 
whether the maximal output of which the heart is capable is much 

greater in the heart without pericardium than in the normal heart. — 
_ “Gonsiderable difficulties arise in endeavouring to investigate the 


influence of the pericardium on the heart’s action ‘when using a large 


venous inflow. Under these conditions the heart, on opening the 
1 In this and all the following figures the continuous lines. represent the condition by 
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_ pericardium, enlarges considerably and it may become difficult or even 
impossible to close the pericardium again. Moreover, we find that. the 
heart is very often permanently damaged as a resalt of the dilatation, 
so that after closing the pericardium it no longer functions normally. 

Even the method which I have often adopted, of carrying out a series 
of experiments’on the heart, first with the pericardium intact and then 
after opening the latter, presents disadvantages, since the heart in 


Fig. 7 (Tab. 2). Schematic representation of the influence of the pericardium on the 

. was constant by altering the resistance. The figures represent the per 


many cases is fatigued or even damaged in the first series of experiments 


and its action in the second series is thus permanently weakened. This . 


permanent weakening is shown by the fact that in the second series, 
with open pericardium, a higher venous pressure may be necessary 


than in the first series to maintain the same output of blood. My 


results therefore as to the connection between the venous inflow and 


a 
4 
2 
4, 
4 4” 
y its 
; 
& 
ay 
«WN 
q 
Goo 
3 
VE 
4 
“a 
a 
= 
" 


PERICARDIUM. 


the maximal output under these two conditions must be regarded as 
nearly approximate. The connection between venous pressure and 
output is shown in Fig. 8, drawn from the results of three experiments, 
and is also evident in Figs. 12, 17, 18, and, Tables5,6and7,  « 
In Table 5 the pericardium was first maintained intact through a 
series of observations. and then opened and the series repeated. In 
Tables 1, 2. and 7, each condition of blood flow was repeated first with 
open and then with closed pericardium. In every case the venous 
pressure rose as the venous inflow was increased, but the rise was much 
steeper with closed than with open pericardium. In every case too 
the output was increased with rise of venous pressure up to a certain 
limit, above which the output not only did not increase but actually 
diminished as the venous pressure rose still higher. The tiaximal 
output of the heart without pericardium was in some experiments 
smaller than with closed pericardium. This might however have been 
the result of-fatigue since in the other experiments the relationship was — 
_ the reverse of this. In Table 2 the increase in the maximal output 
resulting from the opening of the pericardium was extremely pronounced. 
These results may be seen from the following table. _ 


Weight of cc. per min. 

No. gms. open closed open 
1 48 1945 1760 132 62 
2. 52 1750 1310 284 
3 50° 1530 1780 241 196 
4 44 1460 2000 202 780 - 
5 61 1580 2080 169 lll 


thin abo only thon oan in which the maimal output be eer 


There can be no doubt that the factor limiting the maximal output 
under normal conditions must be the capacity of the pericardium. 
_ When the pericardium is absent, other limiting factors come in, e.g. the 
optimum dilatation of the heart with increased length of the muscle 
fibres, incompetence of the valves or actual injury of the heart muscle. 
As we shall see, hemorrhages are constantly found in any heart which 
has had to deal with a large venous inflow in the absence of a pericardium. 
In no case have these hemorrhages been absent where the output of 
Ban: heart. was raised to a maximum. 

It is evident from the above table that the maximum output is 
obtained in both conditions of the pericardium by very varying venous 
pressures, although always much lower with open than with closed 
pericardium. In Nos. 3 and 4 the venous pressures were much higher 
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than in the other experiments, but in these two cases the heart suddenly 
became injured, and the optimum venous pressure for a heart without 
pericardium must be much lower than these figures. We can at any 
rate say that the maximum distending force which may occur in the 
normal animal, namely, 35 mm. H,0, is above the optimum for the 
heart freed from the pericardium. We may therefore conclude that 
so long as the venous pressure is normal, removal of the pericardium 
only improves the functional capacity of the heart when the blood 
supply during diastole is maintained low. As soon as the blood supply 
is large enough to raise the venous pressure in the great veins to a height 
_ which represents only one-third to one-half of the maximal distending 
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| Fig. 8. Effect of increased inflow on the output and venous pressure. 
force in the normal animal, the condition becomes dangerous for a heart 
deprived of its pericardium. The maximal functional capacity of the 
heart without pericardium cannot be raised over that of the heart with 
pericardium without considerable danger. On the other hand, so long 
as the pericardium is intact, a high venous pressure presents very little 


risk to the heart. It is worth noting too that in experiments on the - 


heart-lung preparation, if the pericardium be removed, it is not safe 
to put the blood reservoir at a height of more than about 15 cms. above 
the level of the heart. The mechanical conditions therefore produced 
are closely similar to those present in the heart in the normal animal. 
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3. Influences of changes in arterial pressure on venous 
_ Markwalder and Starling) have shown that the heart expels 
& constant quantity of blood under very varying arterial pressures, 
_ provided only that the venous supply remains constant. Each rise _ 
in arterial pressure however is attended with a corresponding increase 
_ In the volume of the heart, and it is the increase in length of the muscle 
fibres thereby induced which is responsible for the increased functional 
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Fig. 9 (Tab. 3). Influence of increase in the arterial pressure on the output and 
‘capacity of the heart. These experiments were carried out on hearts 
in which the influence of the pericardium had been removed, and it 
becomes interesting to see how far they apply to the heart still contained 
_ Within its pericardium. I repeated six such experiments, one example 
of them is given in Table 3 and in Fig. 9, and another in Fig. 10. It will 
be noticed that there is a great difference in the effect of rise of arterial 
resistance on the output under these two conditions. Where the peri- 
_cardium was opened, the output only diminished slightly as the arterial 
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was raised, and this slight diminution may be ascribed, as 

shown by Markwalder and Starling, to the increased flow through 
the coronary vessels. With the pericardium intact, the pressure could 
be. raised to 130-140 mm. Hg without producing greater alterations 
‘than those obtained in the heart without pericardium. A further rise 
of arterial pressure however brought about a very considerable diminu- 
tion in the output. Thus in an experiment (Table 3) at a pressure of 
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Fig. 10. “Influence of increase Fig. 11 (Tab. 4). Effect of increased 

in the arterial pressure on inflow on the pulmonary pressure — 
the output and venous and venouspressure. Pericardium 


A 


140 mm. Hg, the difference between the output of the left heart under 
the two conditions of the pericardium was only 12c¢.c, per minute, 
whereas when the arterial pressure was raised to 186 mm. the output 
from the heart with pericardium intact was 245.c.c. less than in the 
heart without pericardium. In another experiment (Fig. 10) the 
_ difference with a pressure of 132mm. Hg was only 27 ¢.c. per minute; 
with a pressure of 181mm.Hg 209¢.c. per minute. In another 
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experiment. at @ pressure of 114 mm. Hg the difference was practically 
nothing, but of. 148 mm. 
to 250c.c. 

It is impossible to explain by in the 
of.the blood passing through the coronary vessels. .Indeéd, 
we should expect the circulation through these vessels to be accelerated 
rather than hindered by opening the pericardium. The results as far 


as the venous pressure is concerned, agree well with those on the output. — 


The venous pressure rose constantly with the rise of the arterial pressure, 
but with closed pericardium the rise was much steeper, and the difference 


between the two conditions of the pericardium was especially marked 


at high arterial pressures. Thus in Tab. 3 the rise of venous pressure 
with an alteration of arterial pressure from 65 to 122 mm. Hg was 
not very marked under either condition of the pericardium. But on 
raising the arterial pressure still further, there was @ very rapid rise 
of venous pressure when. the pericardium was closed, and the point at 
which this rapid rise occurs is the same at which the output begins to 
fall off, showing that the rise of venous pressure depends on a failure 


4. The inns of te om he 


The effect of ‘uae the pericardium on the sight ventricle varies 


_ according to the venous inflow. If the latter is small.the intracardial 
_ pressure sinks when the pericardium is opened, but there is no increase — 


in the inflow, so that the output of the right ventricle is either unaltered 
or even smaller, as has been shown in Section 1 (Method 1). The 
pressure in the pulmonary artery also remains constant or sinks 
slightly. If the venous inflow is large, the augmentation of the beat of 


_ the heart which follows opening the pericardium, causes an increase 


in the output of the right ventricle, and the pulmonary arterial — 


_ ‘pressure rises. If the venous inflow becomes too large for the nght 


ventricle the to rise snd ‘indeed falls, 
although the left ventricle may be acting quite well. | | 
__ have carried out four experiments on the pressure in the pubeicinasy 


artery.. To measure this a T-cannula was introduced into the pulmonary. 


artery, as described by Fiihner and Starling6), and connected with 
a water manometer, the excursion of which was registered by connecting’ 
the top of the tube with a piston recorder. In. order to introduce the 
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18 YAS KUNO. 
cannula the pericardium had to be slit. up for s certain distance, but 
the wound thus made was carefully sewn up again after the introduction 
of the cannula, and the pericardium incised in the middle line, so that 
it could be opened or closed in the usual way. Two examples of these 
experiments are contained in Tables 4, 5, and in Figs. 11 and 12. 
Tt must be mentioned that they were all carried out with the blood 
reservoir at «constant heights in which method the venous inflow on 


Output per minute (cc) —» 
Fig. 12 (Tab. 5). Effect of increased inflow on the pulmonary pressure and venous 


the venous pressure is low. As a result in an experiment (Table 4, | 


_ Fig. 11) we see that the pulmonary pressure sank when a small venous 


inflow was diminished by opening the pericardium. It is doubtful . 


whether such a result would be obtained in experiments carried out 
with an adequate venous supply. In this experiment we see that the 
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opening of the pericardium. 1. With » small venous inflow of 254. 
or 580 c.c. per minute the pulmonary pressure sank on opening the 
péricardium, namely, from 158 to 144 mm. H,0 and from 262 to 250 mm. 
H,O respectively. It is noteworthy that the output of the left ventricle 


_ in both these cases increased on opening the pericardium, showing that 


thé supply to this ventricle was adequate. 2. With a moderate inflow 
of 830 or 962 c.c. per minute the pulmonary pressure, after a transitory 
fall, rose gradually. 3. On further increasing the venous iriflow the 


Fig. 13 (Tab. 4). Influence of the pericardium on the pulmonary pressure, arterial 


pressure and venous pressure. Venous supply small. 


venous pressure -rose, but the pulmonary pressure sank on opening 
the pericardium’, Figs. 13 and 14 are examples of cases 1 and 2. 

In Fig. 13 the pulmonary pressure before opening the pericardium was 
158mm. H,O and the venous pressure 73 mm. H,0; after opening 
the pericardium the pulmonary pressure sank to 144 mm. H,0 and 
the venous pressure to 33mm. H,O. In Fig. 14 before opening the 


| of the intro- 
ies _* In this experiment the pericardium was too much stretched as 9 result 
duction of the cannula. This must be regarded as the reason for the very small output 
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pericardium the pulmonary pressure was 326 mm. H,O and the venous 
=aalina 232 mm. H,O; on opening the pericardium the pulmonary 
pressure rose to 340mm. H,0, while the venous pressure gradually 
sank to 84 mm. H,0. 
_ In all these experiments the pericardium was alternately closed 
and opened. In Tab. 5 the pericardium was first intact and was.then 
opened before the second series of observations was taken. The 


results however were almost the same. The maximal pulmonary > 


Fig. 14 (Tab. 4), Influence of the pericardium on the pullnonary, arterial and ieninie 
pressures. Venous supply moderate. 

pressure after opening the pericardium never reached the height of 

that observed with the pericardium closed, and the pulmonary pressure 


sank with a further increase in the venous inflow. It seems therefore 


that the functions of the right ventricle are very easily disturbed by 
opening the pericardium if the venous inflow is considerable. In an 
experiment especially, the height of the venous pressure with a big 
venous inflow rose considerably above that of the pulmonary artery 
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_-(pulm. pres. 276, ven. pres: 346 mm. H,0) showing considerable inter 


ference with the efficiency of the right ventricle. 


Figs. 15 and 16 are taken from the same heart (Table 5), the peri- 
cardium being intact in 15 and open in 16. At the arrow the venous 


inflow was increased. In Fig. 15 with an increase from 1380 to 1530 c.c. 
‘ per minute, the venous pressure rose from 215 to 241mm. H,0. In 
” Fig. 16 with an increase of venous inflow from 1520 to 1780 c:c. per 
‘Minute, the venous pressure rose from 169 201mm.H,O. The 
‘pulmonary pressure was however differently affected in the two cases. 


Ri 
t 


Fig. 15 (Teb. 5). Effect of increased inflow. Pericardium intact. 


; In Fg. 15 it rose from 507 to 521 mm. H,0, while in Fig. 16 it fell from 
443 to 415 mm. H,0. 


' Invone experiment the maximal wataies of the left ventricle with open 


pala coincided with the highest point of the pulmonary pressure, — 


showing that the maximal efficiency of the left. ventricle is dependent 


on the state of activity of the right ventricle. A falling off-in the output 


‘of the left ventricle with increasing venous inflow may be, and often — 
is, due to the fact that thé right ventricle becomes — ‘with 
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left ventricle. 
Inone experiment the pulmonary cannula was tied in too. near the 


heart so that it interfered with the closure of the semilunar valves. — 
As is seen from Table 6 the output of this heart was very small in spite 


of a high venous pressure, though it increased slightly on opening the 
‘pericardium. This slight increase was I believe due to the effect of 
opening the pericardium on the left ventricle, since the pulmonary 
_ with open pericardium did not rise higher than 300 mm. H,0, 


Effect of increased inflow. Pericardium open. 


although it reached 474 mm. #0 when the pericardium was closed. 


‘The difference between the,two conditions of the pericardium is thus 


much greater than we generally observe in normal hearts. As we 
should ‘expect, the absence of the support afforded by the pericardium 


to the thin-walled right ventricle has greater effects in this case, where 


an abnormal strain is put upon this side of the heart. 
_ Ina number of experiments I have closed the blood reservoir with 


@ rubber cork, as in Fiihner and Starling’s experiments, and — 


connected the air-space over the blood with a volume recorder. When 


an 
he 
‘ 
4 
4 
3 
om 
> +, 
4 wh 
a”, 
‘ 
a 
bes 2, 
om 
% 
ia 
5. 
- 
. 
“ag 
ts 
A 
on 
wi 
+ 
* 
> 
Ve 
4 
‘ 
ink 
4 
» 


PERICARDIUM. 28 


3 the amount of blood in the reservoir increases, the volume ‘recorder 


marks a rise, so that its excursions were taken as indicating a diminution 


_ jin volume of the heart, causing increased volume of blood in the reservoir 


and @ rise of the volume recorder. My experiments have shown me 


_ that such a record is fallacious and cannot be regarded as indicating 


the average volume of the heart. There is no question that on opening 
the pericardium the systolic and diastolic volumes of the heart increase, 
and such an increase is also indicated by the volume recorder provided 


_ that the venous inflow into the heart is considerable. With a small 


venous inflow however, we see that the average volume of the heart 
apparently gets smaller on opening the pericardium since the volume 
of blood in the reservoir increases (cp. Fig. 5). This paradoxical 
result must be ascribed to the influence of opening and closing the 
pericardium on the pulmonary circulation. When the pericardium is 
opened, the left ventricle dilates and acts more strongly, so that it tends 
to empty the pulmonary veins. On the other hand, the right ventricle 


_ tends to become over-dilated and the pulmonary arterial pressure 


remains the same or falls slightly. The lungs therefore contain on the 
average less blood than they did when the pericardium was closed, 
and the amount of blood which is pumped out of the lung vessels more _ 
than counterbalances the increase of blood contained in the cavities 


of the heart, so that the residual blood in the venous reservoir increases _ 


although the average volume of the heart is also increased. | 


: Markwalder and Starling(7) have shown that provided the 
conditions of inflow remain the same, the output of a heart is within 


_ wide limits independent of the frequency of beat. With a slower rate 


each beat is more filled and sends out more blood than when the heart 


is beating at @ greater rate, this increased diastole-following at the 


slow rate being associated with a rise of venous pressure. Although 
the rate of relaxation of the heart becomes slower with diminution in 
frequency of beat, the absolute length of the diastole must be longer 
with diminshed rate, and this increase of the diastolic period is still 
more marked when the slowing is brought about, not, as in Markwalder 
and Starling’s experiments, by cooling, but, as in the normal animal, 
in consequence of tonic inhibitory influence exerted by the vagi. The 


assumption of Yandell Henderson¢) therefore that by greater 
frequency of heart beat the heart is in a systolic condition during a 
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“greater length-of time, must be regarded as justified. We have seen 
that the eer exercises under every condition of venous inflow 
‘a certain amount of resistance to the diastolic expansion of the heart, 
which increases with any increase in the heart volume. As the frequency 
of the heart beat diminishes, this influence of the pericardium must 


therefore increase, an increase which is borne out by the following — 
experiments. In these experiments the frequency of heart beat was | 


altered by changing the temperature of the inflowing blood, the other 
conditions of inflow being maintained constant. . The effect of the 


Output per minute (ce) > 


_ Fig. 17 (Tab. 7). Influence of the pulse rate on the function of the heart. 


change in rate was observed both with open and with closed peri- 


cardium. 


One example of such observation is shown in Table 7 and Fig. 17, 


and another one'in Fig. 18% | 
. Tt is quite evident from these results that the pericardium has much 
greater significance for the action of the heart with a slow than with 


a rapid rate of beat. Especially marked is the influence of the peri- _ 


cardium on the maximal output of the heart, which was almost 


identical at all rates in the absence of pericardium, whereas with intact 
pericardium the maximal output was much greater at the higher 


| 2 In this experiment the blood reservoir was not sufficient to bring about the rise 
in venous pressure necessary with the slower rate. This probably accounts for the great — 
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Sidigobiitia. The influence of rate on the maximal output a diferent 
shown i in the table: | 


No 


The statement of Markwalder and Starling that the output of the 
heart is independent of the rate only holds good therefore in the case of 
the heart without pericardium and does not apply‘ to the heart under 
normal conditions. This result is especially interesting since it is well 


PERICARDIUM. 


known that under normal conditions the pulse frequency is always _ 


increased when there is any increase in the weeeity of the circulation. 


Wig. 18, 


The of frequency on the importance of which has 
especially insisted upon by Yandell Henderson, tends to be obscured 


in experiments on the’ heart-lung preparation on account of the very — 


high frequency with which the heart, freed from all nervous connections, 
beats at the normal temperature. In the dog’s heart this is generally 
about 160 per minute, whereas in the intact animal the rate would 
probably vary between 70 and 90 per min. So that in order to appre- 
ciate the influence of frequency on the mechanical performance of the 
heart, we have to compare the action of the normal heart: with that. of 
the heart-lung preparation beating at a temperature of 28°-30° C. 


‘Pulerate ‘438 - 2-476) 
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- the condition of. the heart is not strictly comparable with that of the 


normal animal, since the process of cooling not only. diminishes, the 


rhythm but slows the rate of rise of contractile stress and prolongs 


the duration of the excitatory condition. By working with the heart: 


at this temperature we learn however that at normal rates of beat it is 


impossible while the pericardium is intact to increase the total output 


to more than a moderate extent, however much we may raise the venous — 
’ _ pressure or rate of venous inflow. There is only one way to increase the 4 
| 


Dent. 


shown in 1 that if the venti 


large the effect of opening the pericardium may be to cause not a fall but 
= actual rise of venous pressure, the heart beat becoming at the same 
time irregular. As regards the maximal output which can be evoked 


increase in the venous inflow, this is in many cases larger with open — 


than with closed pericardium. A still further increase in venous inflow 


may however cause in both cases a diminution of output. This diminution 


in the absence of a pericardium generally occurs suddenly and is very 
marked, whereas when the pericardium is intact its onset is more gradual. 


In the latter case the heart may be exposed to too large a venous inflow 


for a considerable time without undergoing serious damage, the only 

effect being to weaken its action somewhat. In the absence of peri- 
- cardium however when the heart has been once over-distended by too 
_ large a venous inflow, its insufficiency not only rapidly. declines but it 


shows signs of permanent damage, so that its maximal performance — , 
can never again be brought to the same level. The first sign of this 


permanent damage is generally the irregularity of heart beat which 


may occur in various forms, ot. of, give examples in Fig. 


and another more marked instance in. Fig. 19. 
~ The functional disturbance of the:heart in the absence of the eel: 
cardium must therefore be ascribed: not only to. mechanical or physio- 


| logical factors but to pathological changes wrought by the over-disten- 


sion. These are of two kinds, namely, rupture’ of the heart muscle 


be: insufficiency of the valves. . 


Valoular insuffoiency. We inight expect to find inenfiiciency 
ot. the valves, especially of the: — valves, when: the 
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heart ‘undergoes extreme distension. I have often seen in my experi- 
‘ments a sudden change in the curve of venous pressure on opening 
the pericardium. Its height rose considerably, the oscillations were 
_ inereased and became synchronous with those of the arterial pressure 
curve, the same irregularities being present on both curves. In some 


cases this evidence of valvular incompetence appeared directly the 
pericardium was opened and later on disappeared, pointing to a recovery 
in the action of the heart, the venous pressure at the same time sinking 


to a lower level. 


Fig. 19. ‘Irregularity in the arterial and venous pressure on opening the pericardium. 


Venous supply fairly large. 


it very marked case of this nature is shown in Fig. 20 which is 
_ derived from an experiment on a heart of 44 grms. In this experiment 


the output was 1260¢.c. per min. On opening the pericardium the 
‘venous pressure rose from 302 to 332 mm. H,0, the amplitude of the 
oscillations was much increased, and the arterial pressure sank. After 


@ minute the heart showed signs of recovery, the venous pressure 
sinking gradually to 264 mm. H,0, its oscillations becoming smaller, — 


while the arterial pressure rose above the original rate. The power of 
the heart muscle to recover its functional capacity under these condi- 
tions of strain must be ascribed to the same conditions as those which 


‘bring about the gradual increase’ of functional capacity of the heart 


often observed after opening the pericardium (cp. Sect. 1). 
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(b) Rupture of the heart muscle. In all my experiments I have 


examined the heart at the end for evidence of injury. Without excep- 


tion I have found that whenever the heart had been subjected to a 
fairly large venous inflow with the pericardium opened, hemorrhages 
were present in the outer and inner layers of the heart wall (cp. Sect. 2). 
‘These hemorrhages were especially frequent in the inner wall of the 
left ventricle, over the whole surface of the heart, and in the septum 
of the auricles. In the inner wall of the right ventricle they were not 
always present, and I was never able to find them in the middle layer 


of the heart muscle. The hemorrhages were generally small petechis — 
but sometimes formed large hematones. These hemorrhages were 
generally in the capillary region of the coronary vessels even lying 


Fig. 20. Recovery of the heart’s action after valvular insufficiency brough t about by - 


‘near the outer face. 1 have-tried:to determine what wae the limit of 


venous pressure or venous inflow required to produce these hemorrhages 
but could not find any definite limit. In one experiment (heart weight 
52 grms.) the maximum venous inflow employed during the experiment 
was 1360 ¢.c. per minute and the venous pressure 127mm. H,O. In 
another experiment (heart weight. 97 grms.) the venous inflow was 
2060 c.c. per minute and the venous pressure 153 mm. H,0. Since 


in both these experiments hemorrhages in the heart muscle were 


} produced, it is evident that the level of venous pressure or. venous 
inflow necessary to produce them must be lower than these figures. 


In_one experiment the venous inflow was kept small,—-500-600 per__ 
minute—while the arterial pressure was raised only to 138 mm. Hg, 
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that is to a height which must be often attained in normal life. In. 
this case the venous pressure on opening the pericardium was only 
18 mm. H,O; yet even here hemorrhages were easily seen on the 
surface of the heart and on the inner wall of the left ventricle, and 
there were minute petechi# in the inner wall of the right ventricle. 
In two animals in which both chest and pericardium were opened, 
I injected adrenalin, producing a rise of blood-pressure to double its 


previous height: In one of these cases there were hemorrhages in 
the left ventricle and on the surface of the heart; in the other case the 


heart was intact. In one dog in which the action of the heart was 


very weakened on account of clotting of the blood, I left the peri- 


cardium intact and raised the blood reservoir to a height of 40 cm., 
opening the screw clip to the extreme limit. I allowed the heart to- 
work with this huge inflow for six minutes before stopping the experi- 
ment. In this case there were minute hemorrhages on the inner wall 
of the left ventricle but nowhere else. As a rule, the hemorrhages 


| | CONCLUSIONS. 

As a result of the experiments above described, most of which were 
carried out on the heart-lung preparation, we may come to the eres: 
conclusions : 

1, Opening the pericardium causes a fall of venous pressure, a 
rise of arterial pressure, and an increase of output. The extent to which 
these results are observed varies with the condition of the heart and is 
dependent on the volume of the heart. They therefore increase with 


Increase in the amount of venous inflow. If however the venous 
_ inflow becomes very large, the effect of opening the pericardium may | 


become smaller, and by too great an increase of venous inflow, the — 
venous pressure instead of sinking may rise on opening the pericardium. 
In this case the output is also diminished and the action of the heart 


becomes generally irregular. 
2... The maximal performance of the heart as measured by the output 


: of the left ventricle varies according as the pericardium is opened or 
closed. With the pericardium open the output is generally larger than 


when the pericardium is closed, though the increase in output is in 
favourable cases only 25°, of the normal amount. When the work 
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absent, always suffers injury, generally in the form of hemorrhage. 
The optimum venous pressure is much lower for the heart without 
than for the heart with pericardium. In the first case it is certainly 
not higher than 190 mm. H,0, and in most cases considerably lower. — 


3. As the arterial pressure is raised, the heart in its normal state — 


fails to drive out the blood it receives much sooner than when | the 
pericardium is opened. The marked diminution in the output of the 


normal heart is observed even with an arterial pressure of about 
130 mm. Hg, and with further rise of arterial pressure, the output 


rapidly diminishes. If on the other hand the pericardium be opened, 


the heart can drive out blood against an arterial pressure of 185 mm. Hg 
as well as it did against a lower pressure. It appears to me therefore — 
that the increase in the maximal performance of the heart caused by — 


removal of the pericardium is more marked when this is measured 
by alterations in the arterial resistance than when it is brought about 
_ by increase in the venous inflow. ee 


_ 4, The pressure in the pulmonary artery rises on opening the 
pericardium so long as the venous inflow is moderate. With a large 


venous inflow however, opening the pericardium may cause a fall of 
pulmonary pressure. It seems that in the absence of the pericardium, 
the right ventricle fails in its expulsive powers sooner than the left 
ventricle when the venous inflow is large. This relative failure of the 
right ventricle is probably the reason for the different effect of opening 


the pericardium on the maximal performance of the heart with rising — 


arterial pressure and rising venous inflow respectively. When the 
mechanical work of the heart is increased by raising the arterial resist- 


ance, the output is dependent only, or at any rate in the first place, 
on the functional capacity of the left ventricle, whereas when the venous — 
inflow is increased, the failure of the right ventricle limits the possibility — 


of increase in the output of the left ventricle: 
5. The influence of the pericardium is much more marked with a 
slowly than with a rapidly beating heart. The maximal output of the 


‘heart in the absence of the pericardium is certainly increased By. 


increased frequency though the extent of the difference is not very. 
great. When however the pericardium is intact, the maximal output 
+ of the slowly beating heart is only one-half that which may be obtained 

with the heart beating at its maximum rate, however high the venous 
. ? Patterson and Starling have shown that provided the venous pressure stmneina 


constant, the output of the heart is greater with a ra beating heart than ” 
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PERICARDI UM. 31 
pressure rises. What I have, here. called 


_ corresponds roughly to the frequency of the heart beat in tle normal 


animal. I¢ is evident therefore that under normal circumstances the 
heart cannot put out more than a moderate amount of blood unless its 
frequency is increased. Thus not only an increase of venous inflow 
but also a rise in the frequency of the heart beat are necessary conditions 
for the maximal performance of the heart. Under conditions of ordinary 


life this rise in pulse rate in times of stress is provided for by amongst 


other factors a discharge of adrenalin into the circulation. 
6. Whenever the heart without pericardium is submitted to a 


_ large venous inflow or has to beat against a high arterial pressure, 
_ hemorrhages occur in the heart wall and frequently also valvular 
‘insufficiency. The hemorrhages occur both in the outer and inner | 

_ layers of the heart wall and are specially frequent in the inner wall 


of the left ventricle. -This injury of the heart muscle may possibly 


heart without pericardium. 


We may conclude that so ve as the sei pressure remains low, 
the function of the heart is improved by opening the pericardium. 
In the absence of the pericardium it is difficult however to increase 


the work of the heart above its normal level without danger to the 


organ, which may occur in the form of hemorrhages or of valvular 


| insufficiency. Thus a heart in the absence of pericardium is already 


in danger when it is submitted during diastole to a dilating force or ~ 


- venous pressure which is only one-third to one-half of that found under 
normal conditions. When the pericardium is intact, the heart, in 


order to perform a certain amount of work, requires a higher venous 
pressure than when the pericardium is opened. When however the 


- venous pressure is at its normal height, it can perform as much work 
a8 the heart without a pericardium, and it does this without any 

danger to itself. The existence of the pericardium is thus necessary — 
fOr the working af the heart in normal life, 


distin thank Prof. Starling for his suggestion, advice and 
help course of this research. 
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A METHOD-OF- BRINGING A SMALL QUANTITY OF 
BLOOD INTO EQUILIBRIUM WITH A GIVEN 
‘GAS. “MICROAEROTONOMETER.” By TOYOIIBO 
KATO. 


(From the Physiologiea Laboratory, Cambridge 


Tue tonometer described by Barcroft? is unsuitable for the sicigiure 
of blood of the order of 0-1 c.c. to gases for the purpose of establishing 
: equilibrium between the two. Nevertheless it is often desirable to 
do this, especially for the clinical investigation of blood gases. The 
method described in this paper fills up this deficiency; it is capable of 
dealing with such a small quanifey, Cs blood as -1 c.c. with practical 
accuracy and simplicity. | 
: About -1 c.c. of blood with hirndine added, or better defibrinated by 
whipping, is sucked with a rubber teat into the glass bulb of an ordinary 


capillary blood pipette (capacity -1c.c.) (Fig. 1) and the top of the 


latter is connected with rubber tubing to a gas holder @ (Fig. 2) con- 
taining the given gas. The pipette is now dipped horizontally into a 
water bath W of the given temperature at which the gas equilibrium 
is to be obtained (Th, in Fig. 2 is a thermostat). A stream of the gas 
from the gas holder is passed through the pipette by loosing a clip C at 
the connecting tubing. About 5.c. should be passed. The pipette is 
then revolved in the water for about 10 minutes to expose the blood 
uniformly to the gas. A little fresh gas should be passed over every 


? Barcroft. Respiratory Function of Blood, Cambridge, 1914, p- 304. 


~ 
VAS 
P 
3 
‘ 
$ 4 
| 
| 
> 
; 
2 
SN 
SS = q 
bad 
SS 
1 
“3 
“4 
4 


38 T, KATO. 


three minutes. In order to prevent the penetration of water from the 
free end of the pipette, which might occur to a slight degree, a small 
piece of thin rubber tube 2 is attached to the end of the pipette and 
kept conveniently bent by fine wire in the bore. After ten minutes’ 
revolving one holds the pipette vertically in the water bath, very gently 


Fig. 2. 


the thick rubber tube 7 on the top of pipette, and transfers it for the 
analysis of its gases quickly but with care into the bottle of Barcroft’s 
small blood gas apparatus designed for «1 c.c. of blood (l.c. p. 300). 


The revolving of the blood pipette in water bath is done by hand 
or more conveniently by means of an electromotor in such an arrange- 
ment as follows. The pipette is passed through a hole in the centre 
of a thick cork disk D made out of a large cork with a groove on its 


circumference. The cork is placed just below the bulb and dipped into 
water with pipette, the capillary part of the latter being loosely placed 


through a shorter glass tube S which is fixed by clips Cl (Figs. 2 and 3) — 
on a block B in the water bath. This ‘with the pipette can be released — 
from the block at the end of the experiment. The pipette is rotated 


as follows. A wheel Wh is driven tound slowly by a motor, to the 


wheel is fastened a string St; the string passes under the cork in the 
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drives the blood from bulb into capillary part by slightly compressing 
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grodve and is attached: at the othér to & piece of india rubbet A; 
_ about 6 inches in length—the rubber may be made out of a latge rubber 


band—it in ‘turn is attached to a metal stand; the rotation of the wheel 
and the elasticity of the rubber band revolve the cork’ disk with the 


_ pipette through 180° backwards and forwards, making about 12 complete _ 


cacillations per minute The blood in thus completely exposed vo the 


Thave the of thie méthod ut vations oxygen 
compating the results of analysis of the blood gas obtained by it with 


_ those theoretically calculated. The tests were made on Mr Baroroft’s 


blood. because its affinity for oxgyen has been tested on miany ‘other 
occasions and its equilibrium constant is known. The numbers in the 
first column in table are by calculation formula 


1007 


_ with oxygen, n the average number of molecules of hemoglobin i in each 


aggregate, here being 2-5, k the equilibrium constant which is — 
for Barcroft’s blood at 38° C. 


1565 

2150 83-9 


_If we suppose that the SES is true for any oxygen tension the 
_ divergence of each two values (which for practical purposes is so small 

that it-may: be neglected) may be attributed partly to an ertor atising 
from a possible incompleteness of the gas equilibrium obtained by this 
_ method, but is to a less or greater extent due to the error attached to 
the blood gas analysis a 
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40 
of the oxygen pressure with Haldane’s gas analysis apparatus. A slight 


error in the observation of such low oxygen tensions as mentioned in - 
above table causes relatively great divergence i in the value of percentage — 
saturation of blood with oxygen, as is obvious from the —— | 


curve of blood. 


The method as Anneeiivail above suffices for the exposure of blood . 


to a mixture of oxygen and nitrogen. It is often necessary to have 


carbonic acid in the gas mixture; when this is the case a gas golder, 
such as shown in the figure, is open to the objection that the carbonic — 


acid is soluble in water and therefore it is not possible to keep the 
mixture of constant composition for any considerable time. The 

- following device suggested by an apparatus used by Prof. Collingwood 
for a different purpose, has proved quite satisfactory. 


The gas holder consists of a flask (the one used had a capacity of 
one litre). It is fitted with a rubber cork and a three-way tap, the 


tubing which leads from the latter is drawn out to a fine point. | 

The holder is used as follows: — 

(1) The fak i filed with nitrogen from a cylinder over water and 


pressure, 
b. Arrangement for introduction of CO,. 00, sucked in from B at positive 


_ Pressure in Kipp's generator and reduced to atmospheric pressure by momentarily 


_ Opening A with tap 0 in the appropriate 
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MICROAEROTONOMETER, 
(2) Air is introduced under pressure till the quantity of oxygen is 
_ in the gas mixture. A simple and efficient method of doing this is to 
measure the volume of air at the atmospheric pressure, in an “all glass” 
air-tight syringe, and then force the air into the flask (Fig. 4a). 
(3) The calculated quantity of carbonic acid may be introduced 
from a Kipp’s generator in a similar way (Fig. 4b). It is necessary 
to have another three-way tap on the generator in order to secure that 
: the gas is at atmospheric pressure when measured. When the gas 
mixture is made up it is analysed, and the small quantity of oxygen — 
or COs, necessary to make the gas of exactly correct composition, is 
added. It is clearly desirable therefore that the gas when first made 
up should err on the side of containing too little rather than too much 
* The gas in the holder is now at a considerable pressure, which may © 
be still further raised by putting the flask into warm water. This 
pressure constitutes the driving force for passing the gas over the blood: 


_ For the arrangement of this method I am under a debt of hearty 
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ON THE GOMTRACTILE MOVEMENT OF THE GALL. 
BLADDER. Br SEIZABURO OKADA (Tokyo). 


(From the Institute of Physiology, University College, London) 
trax pain object ofthe, here was in the 


- contractile movement of the gall-bladder at the time of digestion in 
_ the normal animal. Investigations on the contractile mechanism of the 


gall-bladder, using the balloon method of recording, were first under- | 


taken by Doyon(), later by Courtade and Guyon@), Freese@), 


Bainbridge and Dale(4). All these authors made observations and — 


records on animals under anesthesia, and especially tried to study the 


active movements of the gall-bladder itself, aveiding extraneous factors, 


as faras possible. Thus they resected the stomach; opened the abdominal 


walls widely, etc. These conditions seem to be too far removed from 
_ the normal life. Therefore it seemed reasonable for my object to adopt — 


methods which would maintain normal conditions as far as possible. 


Method. My observations were made on two dogs, each provided ; 
with a permanent fistula of the gall-bladder, the common bile-duct | 


not being touched, 4.e. an incomplete bile-fistula. During observation 
the animal lay on a table on its right side. A thin balloon of india- 
rubber of suitable size, tied over the end of a glass tube, about one 
inch of the tube being inside the balloon, was introduced into the 
gall-bladder through the fistulous opening. The glass tube was fixed 
with a string around the chest so that the balloon could not be pressed 


out of the opening, The free end of the glass tube was connected by 


means of a long gum elastic catheter to a water manometer, the other 


end of which was connected by rubber tubing with a small Hiirthle 
piston-recorder. By inserting a T-tube between balloon and mano- 
meter, and by filling the balloon with air from the tube, the pressure 


within the gall-bladder can be raised or lowered to any desired extent. 


By this method variations of abdominal pressure cause variations _ 


_ in the internal pressure of the bladder. Thus the respiratory move- 


ments were shown on the curves, and gave rise to the smaller variations — 
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OONTRACTION OF GALL-BLADDER. 48 


of Figs, 1-4... Since there does not seem to me. to be an extetnal 
variation of pressure capable of giving rise to the larger slower curves, 
I consider them to be due to contractions of the gall-bladder. 

Dog A weighed 14 kilos, dog B 9 kilos. Both were fed with horse- 
flesh and biscuits. Most of the experiments on dog A were undertaken 
after preliminary injection of 0-025-0-05 grm. of morphia, on dog B- 


without any narcotic. 


Spontaneous contractions. Doyon observed on. curarised animals 
spontaneous contractions of the gall-bladder, which in the pigeon 
oceurred three to four times per minute. This rhythmic activity was 
present.even after complete removal of the gall-bladder from the body. 
Bainbridge and Dale also observed. spontaneous contractions in 
anwsthetised dogs, in which they occurred rhythmically, at the rate 
of one to three per minute. They noticed that the rhythm is more 
obvious after section of the splanchnic nerves, and still more so one 


the injection of chrysotoxin. 


I was able to record rhythmic contractions in both my dogs, a 
found that they occurred generally two to five times per minute. The 
rhythm is sometimes quite regular, but sometimes it is not observed, 
notwithstanding somewhat long recording (one hour or more). Some: 
times it comes on suddenly in the course of-an observation, without 
any apparent exciting cause (Fig. 1). On the other hand, it happens 


Fig. 1 (Dog B).. Spontaneous contractions beginning suddenly without obvious. cause. 


—— 
Pressure 26 om. 


In the case in which this spontancous rhythm does not manifest iteelf, 


‘the absence is probably due to the fact that the stimulation of the mucous — 


membrane by the insertion of the rubber balloon or some excitement 
of the dog causes the gall-bladder to enter into a state of permanent 
bs asc Anmsthesia would abolish these conditions, so that it is 
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44 OKADA. 
easier to get a regular rhythmic curve when an anesthetic or narcotic 


is administered, especially if the animal is very excitable. The degree — 


of distension of the gall-bladder has also an influence on the strength 


Fig. 2 (Dog B). A. Contractions during fasting. B. Two hours after feeding of 
- 400 grms. of horseflesh. Pressure both 26 cm. 


of the rhythm. A suitable pressure is usually loand to eapemend 
to a height of 15-30 cm. water. If the pressure is too small or too great, 
the rhythm is abolished, | 


Fig. 3 (Dog A). A. Contractions during fasting. 30 minutes after hy a 

; h ermic 
injection of 0-05 grm. morphia. 3B. 
HCI (about two hours after previous injection of morphia) Pressure both 
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CONTRACTION OF GALL-BLADDER. 45 


Contraction during digestion. 1 have found no reports on this point 
recorded by previous workers. I recorded the movement of the gall- 
bladder after a meal of meat, and found each time a great increase in 


the rhythmic contractions at the height of digestion (Fig. 2). The 


frequency of the rhythm is variable. Sometimes the contractions recur 


at the rate of one to three per minute, sometimes the contracted state 
continues a long time with a series of short interruptions or relaxations. 
Contractions after administration of acid and some other liquids. 
Bainbridge and Dale found no reflex effect on the gall-bladder 
contractions when acid (0-4°/, HCl) was injected into the duodenum 
or applied directly to the papilla, or when the papilla was electrically 
stimulated. But from this result they drew no definite conclusion, 
sincé such a reflex might be abolished by the anesthetics employed. 
I tried many times the effect of administering acid (0-4 °/, HCl) to both 
dogs. Sometimes a distinctly increased rhythm was induced by the 
administration, which resembled that observed after a meal (Fig. 3). 


- On other occasions the increase was very slight and of short duration. 


This negative or nearly negative result was probably due to the excite- 
ment of the animals, caused by the administration of the acid. To 
determine: this question, therefore, it would be advisable to provide 
the animals with a gastric fistula, by which the acid might be introduced. 


_A similar increase was observed after the administration of oil, but the 


4 A). A. Contractions during fasting. 40 minutes after h ermic 
Me * injotion 0-05 orphia. B. 10 minutes after administration of 100 c.c. 
10 minutes after the injection of morphis) Pressure both 16 cm. 
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tnereasé of amplitude was less: marked: (Fig.'4). The administration 


of water produces some increase, but of insignificant character. ‘The 
administration of chloral hydrate, an efficacious cholagogue, produces — 


4 quite regular rhythm which is similar to that of fasting animals, 
but somewhat more marked. The rhythm after the injection of 
morphis itself, if it is traced two or three hours long, is not always 


observed. 

In iy previous paper() I found that the secretion of bile is increased 
during digestion and after the administration of acids, that when acids 
are injected into the duodenum a gush of bile occurs causing a visible 


opening of the orifice of the common bile duct. From the facts given ) 


in this paper I conclude that during digestion there is also an increase 


in the force of the rhythmic contractions of the gall-bladder. > 


"The subject of this paper was suggested to me by Prof. E. H. Starling; 


to whom I am indebted for performing the operations and for advice — 


and criticism. 


Doyon. Arch. de Physiol. xxv. pp. 678,710. 1893. 

(2) Courtade et Guyon. Compt. Rend. s06. de Biol. pp. 313, 874. 1904. 
(3) Freese. Bulletin, Johns Hopkins Hospital. June, 1905. ee 
(4) Bainbridge and Dale. ‘This Journal, xxxm. p. 138. 1905. 

_ (6) Okads. This Journal, xrrx. p. 457. 1916. es 


quite regular, but at any rate no significant exaggeration was ‘ever 
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INTEREST: ANTAGONISM: AND 
SIMULTANEOUS CONTRAST. By H: HABTRIDGE, 
M.A;; “MB. BC., ‘Fellow College; 


rom the Physiologica Laboratory, Cambridge) 


Ina paper a) on attention again 
directed to the observation that the apparent colouration’ of a grey 
surface by contrast may be dirhinished by circumscribing ‘the surface 
with a black line. In ‘the present paper it is proposed to describe 

‘certain experiments which, by demonstrating possible connection 
between binocular antagonism: and simultaneous contrast, offer an 
explanation. of that phenomenon. © — 

 MeDougall has described the effects of novelty and in 
the processes of antagonism and also the effects of the preponderance 
of contours on the attention ‘Process (2). To these effects will be given 
the name “Interest” in this paper. Interest will first be considered in 
its relationship to the phenomena of binocular antagonism, it will then 
be shown that a similar relationship exists in the case of monocular 
vision, which i is for the of simultaneous 


EXPERIMENTS. 


“To that “Interest” is able to 
intensity as a factor in binocular antagonism, place in front of one eye 
_ @ box with a hole in one side containing a frosted electric lamp, and 
arrange a cloth so that no light shall escape from the box on to the 
other eye.’ Examine with the other eye different objects in the room, 
_ while the lamp is switched. on and off. It will be noticed that on first 
illuminating the lamp the novelty of: the image causes the field of the 
other i eye to vahish.moméntarily, but that as quickly it reasserts itself, 
and the image is then almost unaffected by the intense illumination 
received by the opposite retina. A faint grey haze may however’ be 
eee where the interest 
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aroused by detail is absent the image of the other retina reasserts iteelf. 
I find that Edridge Green has independently performed similar experi- 
ments(3). Further he has observed that in certain cases there is even 


a stereoscopic effect of depth such as a rule is only obtained with the 


use of both eyes. 


Exp, 2. To show that the image to one eye may be totally 


suppressed by one of greater interest presented to the other eye, replace 
one of the designs in the above experiment by the optical image of 


a portion of the room projected by a suitable lens system. On — 


observation this image will be found to occupy consciousness to the 


total exclusion of the simpler design. This throws light on the practice | 


of keeping the unused eye open during microscopic examination. — 


Exp. 3. In the focus of a stereoscope, place a sheet of white glass 


on which two small black fixation marks have been mounted and 


- adjusted so that when the instrument is looked through they are seen 


to coincide in the centre of the fields of the two eyes, Behind the 
glass two movable white cards are placed each bearing a design drawn 
in black ink. The cards should be in such a position that the designs 
appear to lie one on each side of the fixation marks. On making a 
prolonged observation of the combined image, no antagonism is as 
a rule noted ; in fact if it were not for slight changes in the convergence 
of the eyes it would be difficult to decide that the two designs had not 
drawn on both cards. 


Exp. 4. Having adjusted the fields as in Exp. 3, take two colour — 


filters as nearly complementary in colour as possible, for example, ruby 
and dark signal green glass, and mount these one before each eyepiece 
of ‘the stereoscope. On observation it will be seen that the peripheral 


parts of the fields have combined to form a neutral grey which fluctuates _ 
slightly between pink and green. But two brilliantly coloured patches . 


are seen, where the images of the designs lie, the one round the design 


under the red filter being red, that round the other blue-green. These 


_ patches show only very occasional fluctuation because the “Interest” 
aroused in the portion of the field where the design lies almost totally 
suppresses the corresponding portion of the field of the other eye. 


Farther this suppression is most marked at points immediately adjacent 
to the design, for the effect rapidly fades as the distance from the design 


increases 


“It is interesting in the light of what follows to compare the effect 
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of distance on this suppression of the field, with that described by 
Helmholtz in the case of experiments on simultaneous contrast. In 
_ the above experiments the designs lic one on either side of two fixation 
marks which are so placed that they occupy corresponding points of 
the retin. When examined binocularly the designs therefore appear 
. to lie close beside one another with only a narrow interval. Within 
this interval.a sudden change in colour of the background takes place 
where the act of vision ceases in one eye and commences in the other. 
The colour change though abrupt is not discontinuous but passes through 
a grey stage, showing that at this point both retin» again equally 
participate in the image formation. The interval occupied by this grey 
stage is exceedingly narrow and is seen to be continually changing its 
position, showing that here and there is marked rivalry of the retinw 
for the occupation of this intervening neutral territory. } 
” The observer will probably notice that the designs though drawn _ 
in black ink themselves appear as if coloured. The colouration depends 
_ on the technique of the experiment and may be shown to depend on 
several factors to any one of which preference can be given by suitably. 
varying the experiment. The colouration of the design may be made 
(1) the same as that of the background on which it lies, (2) comple- 
mentary to it, (3) the same as that of the background on which the 
design of the opposite eye lies. 
For example in the above experiment the design under the red filter appears red, the 
other blue-green. 
~ Exp, 6. By changing the colour of one or both filters it may be shown that the 
colouration is due to the small amount of light reflected by the black lines of the design 
being coloured by passage to. the eye through the colour filters. That two other factors 


_ at least under appropriate circumstances have an influence on the colour of the design _ 
may be shown by varying the above experiment as follows.. Replace the white backgrounds 
used in the above experiment by two coloured ones, the one a uniform bright red, the 
other one half blue (upper half) and half green (lower half). Place over the backgrounds 
black designs cut out of paper so that they lie on either side of the corresponding retinal 
point when viewed with the stereoscope as in Exp. 3. The peripheral parts of the back- 
grounds again combine to give a field intermediate in colour with the backgrounds, the 
upper half being purplish, the lower half greenish. The parts of the field occupied by a 
design again arouses interest which causes the corresponding part of the opposite field to 
fade, so that there is marked colouration of the field round the designs, that round the 
design in the red background red, that round that part of the design on the green half of 
the background green and that round that part of the design lying on the blue half of the 
background blue. But the colours of the designs themselves are now found to be as _ 
follows; the design on the red background half greenish and half bluish, while that on 
the blue and green background is a uniform red. The colouration is now clearly due to 
the mere addition to the image of one eye of a part of the image of the other. | 
That the ordinary laws of contrast in certain cases principally control the colours of 
the designs may be shown by placing grey designs on a yellow-green, and a blue-green 
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hackground under astercoscope, the one being presented to the right eye, the other to the 
left. It will now be found that the designs on-the yellow-green background are purple, 
while those on the other are salmon pink. 
By repeating the above experiments with different designs and backgrounds it may be _ 
shown that Interest is a factor in binocular antagonism, that is, to a great extent inde- 
pendent of the colour or intensity of the fields which arouse it. In each case it will be 
found that the periphery of the field unoccupied by a design is intermediate in colour and — 
intensity with the backgrounds of which it is composed. Similarly the colouration of 
the parts of the fields on which the designs lie will be those of the backgrounds to which 
they correspond. The designs themselves will show a faint colouration according to the 
technique employed. | 
Expr. 6. From sheets of grey paper of different intensity cut 
similar designs and place them on a red background (the grey papers 
may be prepared by coating white paper uniformly with water colour 
lamp black, using a large soft brush). The backgrounds are best made — 
by mounting over white cardboard a sheet of red stained gelatin film. 
The advantages are: (1) the colour is more saturated than when a 
pigment is used, (2) the spectroscope can be used to investigate the 
light transmitted, a double thickness of the film of course being used. 
_ Examine binocularly the grey designs as they lie on the red back- 
grounds, using the red colour filter at one eye and the blue-green one 
at the other. It is seen that all the designs without exception show 
a blue-green colouration which is more marked with some than it is 
with others. In addition to the grey designs place similar’ ones in 
black and white; it will be found that these show a trace of colour 
only. Now examine the designs in turn, first with the blue-green 
filter and then with the red, commencing at the white and going 
in order through the different shades of grey to the black. The 
white design is seen as bright green on a dark green ground and 
very bright red on a less bright red ground. With both colours 
there are contours that arouse interest, the first tends to make the 
design lighter and blue-green and the background darker, the second 
tends to a less extent to make the design red and the background 
darker. The net result is a slight pale blue-green colouration on the 
design and a darker red background. The light grey design is seen as 
a light green on a dark green ground and a red on a background of the 
same colour and brightness. The first shows contours as before, whereas 
with the second they are inconspicuous. The interest aroused by the 
contours causes the green to predominate and the red to be suppressed, 
the result being a blue-green colouration to the design. The first 
causes the background to be darker but not so dark as in the case of 
the white design. The second has no effect. | aie 
medium grey design is of the same general intensity as the 
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background, it appears green on a dark green ground and red on a 
brighter red. The first tends to make the design green and the back- 
. ground darker, the second to make the design less red and the 
background lighter. Both factors act in the same direction to give a 
marked green colouration to the design but in opposite directions on 
background which therefore remains normal. The dark grey design 
appears under the blue-green filter of the same colour and brightness 
as the background, with the red filter it appears dark red on a bright 
red ground. The second alone shows contours, it tends to make the 
design less red and darker and the background lighter and redder. 
There will therefore be a green colouration but less marked than in the 
previous case. | 
Finally the black design appears black on dark green and black on 
bright red. Both show contours, the first tending to make the back- 
ground lighter and greener and the design redder, the second to make 
the background lighter and redder and the design less red. The second 
predominates over the first since the contours are more marked, the 
_ background is therefore lighter and redder and the design darker and 
greener, 

_ In every case the theory demands a blue-green colouration to the 
design as is found experimentally to be the case. This colouration 
‘should increase to a maximum and then decrease again. The back- 
ground should vary from dark to bright red according as the design is 
light or dark grey, as is again found to be the case. i . 


| Exp. 7. Remove from the red backgrounds all the designs except 

the medium grey which was found to give the most marked colouration 
and the lighter and darker greys which were found to match the 
backgrounds under the red and green filters respectively, now with 
a pen outline their edges boldly with black Indian ink and now as 
before examine them binocularly, using at the eyes the red and blue- 
green filters. It will now be found thatthe blue-green colouration 
previously witnessed has to a great extent vanished and has been 
replaced by a nearly homogeneous grey that fluctuates slightly between 
rose and green. The explanation of this can be found by using the 
filters in turn as above. 

_ To take the case of the light grey design, under the red filter the 
field is no longer without contours for the hollow outline of the design 
is seen which competes with the contours seen with the green filter and 
tends to arouse interest equally with them. The result is that the 
blue-green colouration is markedly diminished. 
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To take the case next of the dark grey design under the blue-green — 
filter, the field previously without contours now has them present, the 
result being that they detract from the interest previously alone 
aroused by the contours under the red filter. The result being that 
again the blue-green colouration nearly vanishes. | 

The case of the medium grey design is slightly more complex but in 
no way different from the above and the disappearance of the colouration — 
can be accounted for in the same way. Another change has however 
to be noticed beside the diminution in the. blue-green colouration, for 
it is found that the background, which in the case of the light design 
is darker and in the case of the dark design is lighter than normal, has 
. now returned to its original appearance. 
_ As an alternative to outlining the edges other procedures can be 
adopted. For example a series of black lines drawn transversely 
across the design may be substituted, or the design may be cut from 
paper with a rough surface of the same general intensity as the medium 
grey design. Having observed that in the latter case the colouration 
is markedly diminished, cover design and background with smooth 
tracing paper and then observe that the colouration returns(4). | 


52 


_ Expr. 8. To show that the images of two similar designs of équal 
interest presented one to each retina can combine to give'a single image. 
Obtain two similar designs cut from red and blue-green paper (papers 
coloured uniformly with vermilion and vividian appear to be suitable, — 
_ the depth of the colour should be such that when the images of the 
papers are caused to over-lap by a double image prism the colour 
_ formed is a neutral grey) and place them on any two similar uncoloured — 
backgrounds so that when viewed with’ the stereoscope the images 
occupy corresponding retinal positions. If the interest aroused by the 
designs is equal, then being similar in pattern fusion of the retinal 
images may occur which would show itself by the images of the two 
designs fusing to form a single neutral grey retinal image. It is well 
known that this actually occurs, the experiment being called binocular 
colour mixture (5). 3 
Any change that causes the interest aroused by the two coloured 
designs to be unequal will at once bring about an alteration in the 
fusion of the designs and therefore a change in colour of the combined 
image they form. Place for example the red design on a pink ground 
instead of the one previously used and at once the combined image of 
the designs appears blue-green because the interest of the red design 
on a pink ground is Jess than that on-an uncoloured one. ieee si 
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_ If on the other hand black lines be ruled across-the ‘od design, or 
if it be outlined in black (supposing the background on which it lies to 
be light, but in white if the background be dark), then at once the 
red i image arouses the greater interest of the two and the combined 
image is in consequence tinted red. 


MonocuLaR EXPERIMENTS. 


Exp. 9. Place a bandage over one eye, before the othes place 
a large aperture double-image prism. In the two fields thus combined 
and presented to the retina place white backgrounds, and on them — 
arrange two designs in black ink so that the images of the designs are 
seen lying side by side. Place over the fields the complementary colour _ 
filters used in previous experiments ‘and observe the combined image. 
The greater part of the backgrounds fuses to give a uniform grey that 
does not fluctuate in colour as it did with binocular vision (Exp. 4), 
but where the designs lie it will be seen that the field is faintly tinted 
red round the design under the red filter and blue-green round the | 
other. The colouration is therefore the ‘same as that obtained with | 
_ binocular vision but is not nearly so well marked. The colouration is 

however distinct, particularly if the eye is unfatigued. 


__ Exe. 10. _ At corresponding points on two uniform red backgrounds 
place two similar designs cut from the light grey paper. Combine — 
the fields with the double-image prism and as before place in the course 
of the rays the red and blue-green filters. On observation it will be 
_ found that as in the binocular experiment (Exp. 6) the design shows 
_ a marked blue-green colouration. If first one field and then the other 

_be covered with a sheet of black paper it will be noticed that whereas 
with the red filter there is a uniform red field, with one other there is 

a blue-green design on a black field which therefore arouses more interest 
than the former. On observation there should be a blue-green coloura- 
tion of the design as was seen to be the case. 

.. Remove the colour filters and observe that there is at once a doubling 
of the brightness of the combined field, but that the blue-green colouration 
_ of the design is unchanged. Now take away the double-image prism 
and look at. one of the fields only, the colouration is still found to be 
there; it is the ordinary colouration due to contrast. 

The reason for using the double-image prism as a means of combining 
two fields to form a single retinal image is in order to leave undisturbed 
_ the parallelism between the monocular and binocular experiments. 


Exp. 11. Set up the apparatus as for the beginning of Exp. 7 
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having outlined with black ink the margin of both designs. Cov 
first one field and then the other with the black paper and observe 


that whereas with the red filter the hollow outline of the design is seen — 
on a red ground, with the other a blue-green design is seen on a black 


ground. The interest aroused by them being approximately equal, the 
colouration observed in Exp. 10 will be found to have vanished in the 
same way as it did binocularly in Exp. 7. 


Again remove colour filters and prism and notice that the experiment 


is the ordinary one in which an image coloured by contrast is by 
circumscribing with a black line caused to lose that colouration. 

- Similarly repeat the experiment with rough grey designs and observe 
that the colouration is lessened and that it at once appears more strongly 
- if the design and background are covered by smooth tracing paper. — 


Exp. 12. Effect of monocular interest compared binocularly. 


In the focus of the stereoscope place a red and a blue field, one before 


each eye-piece. On each, place medium grey designs, so that. when 
viewed binocularly the designs appear to lie side by side with a small 
intervening interval. On observation it will be found that the fields 
fuse to form a greyish purple and that on this the designs are seen, 
that corresponding with the red background being coloured blue-green, 
while that on the blue is yellow. : | 


By changing the colours of the fields, Burch() showed that the 


corresponding design always changes its tint to that of the comple- 
mentary colour in accordance with the recognised law. of contrast. 
He pointed out the importance of this experiment from the point of 
view of the theory of contrast. Although the backgrounds have 
combined to give a single purple field, yet the colour of the designs is 
not apple green as it should be if contrast took place in a part of the 
apparatus of vision where the fields had already fused, but is on the 
other hand that which it should be if contrast were a process taking 
place in the peripheral part of the visual mechanism. But if the colour 


of the background be attentively examined, it will be found that round 


the design on the red ground it is red while round the other it is blue, 
which shows that whereas the greater part of the fields has indeed 
combined to form a single purple field, yet near the designs Interest 


has caused the corresponding portion of the field of the other eye to 


vanish. The colouration of the designs is: therefore the ordinary 


phenomenon of contrast and is complementary to each field alone and 
not to that formed by their combination. Thus it would appear that 
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no. definite conclusion can be drawn from this experiment as to where 
the process responsible for contrast occurs; this point will nowever be 
referred to later. 

Because of this suppression of the part of the field of one eye by the 
presence of a design in the corresponding portion of the field of the 
other, Burch’s technique gives a most convenient method of investigating 
contrast phenomena. It can be shown that the contrast colouration 
is best seen (a) in 4 rested eye (not necessarily a dark adapted one), 
(6) at the first glance decreasing during prolonged observation, (c) with 
saturated colours, (d) by experiments with a series of grey papers of 
. graduated brightness the optimum colouration can be demonstrated. 

One precaution must be taken in the above experiments, viz. to 
provide fixation marks and to prevent the eyes from wandering off 
them, for otherwise as Edridge Green pointed out successive contrast _ 

adds its effect to those of simultaneous contrast. | 
Tf one field in the above apparatus be lit by a uniform light while 
the other is lit by means of a spectral illumiuator in which measured 
amounts of red, green and blue can be mixed, then by adjusting the 
illuminator till the contrast suffering surfaces presented to the two eyes 
accurately match, a method is obtained of measuring the change in 
colour brought about by contrast in terms of three standard wave 
Maruematican Anatysis or Contrast CoLoURATION. 
Attention has been directed above to the close parallel between the 
methods of performing the monocular and the binocular — 
and the results obtained in them. 

In both a field containing a design is combined with one which is 
uniform in colour and intensity. It is possible to prove by simple 
mathematical reasoning that the effect obtained is the same as that 
which would be observed if the fields were combined; and conversely. 
that in the case of one field a separation into two fields can be carried 
out, the one field being uniform the other containing the design. 

The proof is as follows: imagine the visible spectrum divided into 
any number of elementary wave lengths and select for consideration 
any one of these; for this wave length let the intensities of the design 
and background be I and I’ respectively. We may then legitimately 
regard the design and background together as forming one uniform 


surface of intensity J‘ to a portion of which (i.e. the design) has been 
added a further intensity J — 1’. -Now if F be the Interest aroused 
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by every unit difference in intensity between the design and the back- 
ground and F’ similarly be the Interest aroused by each unit of general 


intensity of the whole field, then it is clear that the combined Interest 
aroused by the surfaces for the chosen wave length will be — 

“But as indicated above contrast is due to the Interest aroused by 


one of these terms antagonising that given by the other, and therefore 


the total effect of contrast taking place in the design may be determined 

by calculating the difference between these two terms for every 
elementary wave length in the spectrum apd by an a summation 
of the result thus: 


Tota change du to contrat = I') F — 


- Now we can pionsate the terms in this equation into two groups, in 
the first placing those terms which are common to both design and 


background, viz. [I’F’}" + ete., in the second placing the remaining 


_ terms in which but one surface participates, viz. [(Z — J’) FY" + ete. 

- This therefore justifies the experimental method used above of 
combining two fields with a double image prism, one containing a design 
the other without one. It indicates further that the colouration 
observed is that ordinarily due to contrast. Now the above equations 


have introduced two constants F and F’, the absolute values of these — 


for different wave lengths can only be determined with considerable 
difficulty. It is possible however to measure the ratio between them 
with simple apparatus and the values so obtained can be used as a 


— basis for calculating the effects of contrast in almost every case met 


with in practice: 

Let the unit of general. intensity I be yy candle foot and of anit 
difference of intensity J — I’ again be #5 candle foot. To obtain the 
Tatio in the case of binocular vision place before the one eye-piece ‘of 
_ the stereoscope a black surface bearing near its centre a grey design 


of unit intensity (1, candle foot). Under the other eye-piece place a 
uniform white field lit by a lamp of adjustable intensity. Over the eye- 


pieces place the complementary filters used above. 


Now observe the combined field and change the intensity of the ) 


adjustable field till the colour initially seen in the design becomes 


neutral. The interest is now equal and (J — J)’ F= KI'F, where K is 
the ratio. Suppose the intensity of the de erenaes field to be six units 


(zo candle foot), the ratio of F to F’ = 6. 
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To éliminate any error due to inequality in brightness in the filters 
_ the two are transposed after the first reading has been taken aes 
“mean for the two positions taken. 

. As an example of the method the following may 5 iia ye] 


Binocular vision. 
I-I’=-03 candle foot, 
| ” 


ratio (F to 000. 


I-I’=:14, 


Interest ratio (F to F’) =43. 


The design in each case was a small ring of paper on a black ground. 
The above values not only show the difference between monocular 


+ and binocular vision, but also the efficiency of Interest in binocular 


vision; a small ring of paper on a grey ground, one of the simplest 
designs conceivable, being able to antagonise successfully a uniform 
field nearly 600 times as bright. | 


the case. of monocular vision the ratio is but little greater 


_ that of a mere mathematical summation, namely 1. When the retina 
is fatigued the more nearly do both the monocular and binocular ratios 
approximate to unity. 3 
_ The above figures are for a very simple design, yet the ratios obtained 
_ for binocular vision are very high; the potency of interest can be realised — 
for the complex images encountered in everyday life. | 
_ The above mathematical process has suggested that contrast is the 
actual summation of a series of isolated effects taking place in the total — 
number of isolated wave lengths forming the spectrum. There is 
evidence that such is indeed the case in other experiments of Burch (6). 
He found that spectra projected on to coloured grounds almost completely 
lost those waves which corresponded to them in colour. Thus with a 
red background the red end of the spectrum was diminished in intensity 
while the green and blue were accentuated. With a background of 
cobalt blue, the blue and green and part of the extreme red end of the 


_ spectrum suffered, the latter effect being explained by finding that the 


cobalt blue glass transmitted a considerable proportion of red rays. — 
_ This experiment shows clearly that contrast affects each wave length 

by itself, contrast colouration being the summation of all the effects 
_ on the different waves of the spectrum combined as was easy “5 

the mathematical consideration above. 
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The reason for the suppression of waves in the spectrum similar to 
those present in the colour of the background is due to the fact that 
they to a large extent combine to form a surface which arouses little or 
no Interest. Thus in the case of the red background the red end. of 
the spectrum fits into the space provided for it and the two fuse to 
form a nearly uniform red field, which partially combines with the 
corresponding portion of the blue field presented to the other eye. 


In the case of the green and blue portions of the same spectrum the 


case is quite otherwise, for here interest. is aroused in a very marked 


degree, and as a result not only the spectral green and hlue but also — 


the surrounding fed field occupies the attention of the higher centres 
at the expense of the other eye. 

It has been found that two in the 
value of the interest ratio are the state of rest of the eye and the colours 
and intensities of the fields. Experiment shows that the more rested 


the eye, and possibly also the observer, the higher 1 is the interest ratio. 


Conversely during fatigue the interest ratio is lower. It has also been 


found that both colour and intensity affect theratio. As the experiments 
in regard to this and factors are incomplete, no definite statement can 


at present be made. 
_ T will now briefly consider how contrast according to the shiive 
theory should affect surfaces i in. certain simple cases that can be — 
produced experimentally. 
Case 1. Two neutral grey surfaces of different intensity. Let the 
one surface have intensity I and the other intensity I’; and let J’ be 
_ the greater. The field can then be regarded as consisting everywhere 


of intensity J to a portion of which (i.e. the second surface) has been — 


added a further intensity J‘— I. Now considering the interest aroused 
by the field, there is a uniform area of intensity I which tends to be 


displaced from consciousness by the greater interest aroused by the 


design of intensity I’ — I which lies on a background of zero intensity. 
As a result the difference between I’ — I and zero is increased, and 
therefore the difference between the intensities of the surfaces is 
magnified. 


Case 2. Two See of similar colour but different intensity. 


The reasoning in this case is the same as that in case 1 and the con- 


clusions are similar, namely that the difference between the intensity : 


of the surfaces is magnified. 
Case 3. A coloured surface and black. This is an extreme example 


of case 2. Since the black surface necessarily remains unaltered the 


only — is that the coloured surface appeere to increase in intensity. 
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Case 4. Two surfaces of similar colour but different saturation. 
If the one surface be of A wave length and intensity J, then the other 
is also of the same wave length and intensity but has white light of 


intensity I’ added to it. Considering the interest aroused by thi field, 


thete is a uniform area of intensity I antagonised by a design of 
intensity I‘ on a background of zero intensity. The latter arouses the 


_ greater interest and therefore the difference in saturation tends to be 


increased by contrast. 
Case 5. A coloured surface and white. This an exizense example 
of case 4. The coloured surface becomes more saturated, 5 white 


surface less saturated, ¢.e. whiter. 


_ Case 6. A coloured surface and the grey surface of such intensity 
as would be formed by adding to the coloured surface its complementary. 
The field consists everywhere of the coloured surface to a portion 
of which (i.e. the grey area) has been added its complementary. As 


before the uniform area tends to be displaced by the other and as a 


result the coloured area is slightly diminished in intensity while the 
grey area appears tinted with the complementary. 

Case 7. An unsaturated coloured surface and its unsaturated 
complementary. Here the uniform area consists in the white light that 


dilutes both the colours while the design consists of one colour on the 


background of the other. The latter displaces the former and as a 
result the colours both appear to be more saturated. _ 

Case 8. Two colours of equal intensity having a certain part of the 
spectrum in common. It is obvious that these common wave lengths 


will tend to be suppressed and as a result the two colours will — 
to be farther removed from one another in the — | 


THE or Sizz or Surrace on Contrast. 


The above general statements which are true for surfaces of any 


size require amplifying in the case of the actual examples met with — 


experimentally, For instance, it is well known that where a small 


surface lies on one considerably larger, it is the small one that suffers 
contrast change rather than the other. The reason for this is found 
to be that, as pointed out above, Interest affects most strongly the 
portions of the field near the design and that the effects fade as the 
distance from the design increases. In the case of a small ‘surface 
lying on a larger one, the more peripheral parts of the larger separated 
some distance from the design suffers no apparent change and the 
gtadient of change is so small as one passes from the more peripheral 


j 
‘ 
5 
Rar 
f 
4 
& 
is 
4 
ofa 
ok 


parts towards the centre, that the effect is passed by unnoticed and the 
change suffered by the small central surface is therefore exaggerated. 
That this gradient is actually present however may be easily demon- 
strated by drawing a dividing line of suitable colour on the larger 
surface close to and parallel with the edge of the design. This breaks 
the continuity of the gradient, and the change in colour which this 
strip then shows demonstrates that contrast was actually affecting both 
surfaces to nearly the same extent. 
To take one example: in the centre of a large dark grey surface, 
place a lighter grey surface 1” square. Observe that the larger surface 
appears to remain unchanged whereas the smaller looks brighter through 
contrast. Now draw four lines one-sixteenth of an inch from the edge 
_of the square on the dark grey surface, using Chinese white of such 
consistency that the grey line so formed matches the grey of the small 
square. The narrow strip between these lines and the square now 
appears darker than the surrounding dark grey, while the square itself 
appears less bright than it formerly did. This cannot be due to any 
comparison between the grey square and the grey lines, for these are 
alike, but is caused by the break in the gradient due to the grey line 
bringing the former into prominence. That a similar gradient actually 


exists within the light grey square can be demonstrated by drawing 


a second series of four lines parallel to the edge of the square on the 
light grey surface, the lines being drawn in soft lead pencil so as to 
match in intensity the dark grey surface: This narrow region now 
appears lighter than the rest of the light grey surface. From without 


inwards, therefore, the surfaces are now dark grey, strip of darker grey, 


strip of lighter grey, square of light grey. In the case of surfaces of 
equal size the contrast gradient can be shown to be present in both 
in a similar manner, by drawing parallel to their line of union a pair of 
lines as above. : 

There is much experimental evidence beside that already mentioned 
that seems to be in favour of this theory of contrast. That comple- 
mentary contrast colouration does not appear in absence of objective 
_ light of that colour was first demonstrated experimentally by Edridge 
Green by the use of spectacles of signal green glass, by which red rays 
entering the eye were absorbed(1) and (8). He found that at first white 
appeared blue-green, but that after a short interval it lost this coloura- 
tion, the eye having become adapted to the glasses. - eee 
| . A grey square on a green ground, in circumstances which gave a 
bright -rose contrast colouration, now appeared pale blue. The red 
contrast colour was not seen therefore in absente of objective red light. 
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Experiments with colour filters placed before the light source used to 
illuminate the surfaces sede that the statement was true for other 


- | 
expected in accordance with the above theory 


may be shown by considering two simple cases. 
Case I, in which a pale grey design lies on a blue-green ground, the 


brightness of the grey being such that it reflects blue-green rays of the 


same intensity as does the background. 

If the field be examined first through a blue-green filter and then 
through a red filter complementary to it, it will be found that whereas 
through the former the design is inconspicuous, the whole appearing 
a uniform blue-green, through the latter a bright red design is seen on 
a dark red ground. Interest causes the latter image to supersede the 
former, the result being that the design appears reddish. In absence 
of red rays however this image would be lacking and therefore since 
no interest would be aroused the red contrast colouration would be 
absent, 

Case II, in which a dark grey design lies on a blue-green ground, 


_ the brightness of the grey being such that it reflects red rays of the _ 


same intensity as does the background. 
“Tf the field be examined first through a blue-green filter and then 


through a red, it will be found that whereas through the former a dark 


blue-green design is seen lying on a bright blue-green ground, through 
the latter a uniform dark red field is seen. Interest causes the former 


to partially displace the latter and as a result the design appears less _ 


blue-green, that is to say more red. Now in absence of red rays the 
fact that the design appeared less blue-green would simply cause it to 
become less intense and would not cause any change in colour. In 
absence of red rays therefore the two processes by which contrast 
colouration can be caused are both inoperative and therefore it will be 
absent in all other cases since these also depend on these two processes 
for their contrast change. 

. In the description given above of the effects of Interest in binocular 
and monocular vision, I have gradually developed a theory which shows 
that a very marked similarity exists between the processes that cause 
- the phenomena: of antagonism and simultaneous contrast. This con- 


firms the hypothesis described by McDougall, in fact my theory . 


would appear to be in principle identical with his and to differ in details 
only, One difference for example is found in the fact that he considers 
contrast colouration in terms of white, red, green and blue, whereas 
I have attempted to make the theory more comprehensive by omitting 
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HART RIDGE. 
Kinitations of that kind, by estimating the contrast effect as a summation 


__ of effects'in individual wave lengths. One other difference of importance 


is that whereas McDougall refers to the antagonism between images — 
presented to the same eye as much weaker than those between systems 
belonging to opposite eyes (in which of course I agree with him)() and 
as making itself felt only under special circumstances: I, on the other 
hand, hold that this monocular antagonism isa phenomenon of constant 
observation, being the cause of simultaneous contrast. As to what 
Interest really is I find there is nothing I can add to the admirable 
treatise on attention given by McDougall(o), that as a result partly 
of previous experience, partly of the images themselves and partly of 
other less well-defined factors, the resistance of certain nerve paths is 


lowered with the result that one image is allowed access to consciousness 2 


while others are excluded. es 
If as McDougall has stated antagonism both monocular and — 
binocular is a process taking place in the visual cortex, then simultaneous 
contrast, being according to this theory but the logical outcome of those 
phenomena, must also necessarily take place there and not as has been 
supposed in the retina. | 
The evidence that the retina was the seat of the contrast change 
was partly obtained from the experiments of Burch that I have alluded 
to above and partly from experiments of Sherrington(11) with rotating 
dises. In the latter the difference in the rate at which flicker ceases — 
for two rings, each half blue and half black placed asymmetrically on 
a field half yellow and half black, is used as evidence that contrast is 
a process taking place in the retina. Here also to me at any rate the 
evidence is inconclusive for the very reason. that flicker still occurred. 
If on the other hand there was still an observable difference when the 
rate was such that flicker had ceased, then I think it would be justifiable 
to consider that effect due to.a retinal process, but this of course is not 
found to occur. 
Evidence that simultaneous contrast is of central origin can be found 
in many of Edridge Green’s experiments. The following example 
may be given. If a strip of grey paper be placed upon a sheet of white 
paper and then a piece of green paper be ‘placed on either side of the 
middle third of the grey paper and the whole covered with a piece of 
tissue paper, no contrast colour, or very little, will be visible. If now 
the middle third of the strip of grey paper be isolated by means of two 
pins placed transversely, the middle third becomes strongly tinted with 
the contrast colour, rose. (This half of the experiment was originally 
described by Wallerq2).) On repeating this experiment Edridge Green 
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found (1, p. 550) that when the grey strip is seen as grey the after image 
is also grey, but when it is seen as rose, the after image was green and 


__ the rose after image of the green appeared less saturated. He observed 


also that when the contrast colour was developed, the objective green 
appeared less saturated than when the grey strip appeared grey. Now 
in this experiment there can be no question but that the retinal pro- 
cesses were the same throughout, yet in one case contrast colouration 
is seen, while in the other it is not. The fact. that the after image 
behaved in a similar manner simply emphasises the result and is entirely 
in agreement with the recognised laws of negative after image formation. 


The retinal processes being the same throughout the experiment, con- 


trast must have been developed in a higher centre as a result of some 
other process. How that process acts has been considered in detail in 


_ this paper. That contrast does not take place in the highest centres _ 


of consciousness is shown by the fact that a coloured field presented 
to one eye does not affect either the intensity or the colour of a small 
grey area presented to the other in the way it would if presented to oa 
same eye.. The following experiment may be quoted. 

Place before one eye-piece of a stereoscope a uniform red field. 
Near its centre place a small neutral grey design of medium intensity. 
A short distance from it place a black design of a similar shape. Before 
the other eye-piece place a black field and at the place corresponding © 
to the blagk design on the red field fix a second neutral grey design. 


On inspection of the combined fields two designs will be seen lying on 
_ the red ground, but whereas the one which corresponds to the same eye 


as the red field appears tinted blue-green by contrast, the other appears 
either untinted or even tinted red. The latter being probably due to 


- contrast with the subj ectively blue-green tinted design. 


This difference in treatment of designs of the same and epntaite 
eyes shows that contrast does not take place at the level where fusion 
of the visual impressions has already occurred. The only possibility 
left is for contrast to occur at that level at. which the actual fusion of 
the visual impression takes place. But this is the site chosen by 
McDougall for the processes of rivalry, binocular antagonism and the 
like, and this seems to me to form one more link in the chain of evidence 


_ for the view expressed in this paper, namely, that simultaneous contrast 


and binocular antagonism have a common causation. 


SuMMARY. 


term Interest is used to express an act of subconscious judgment 
between images simultaneously presented to the eyes, — | 
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shows that interest is a factor of importance in both monocular and 
binocular vision. 

the case of monocular vision shere:i is that Interest: is 
responsible for contrast colouration and it is possible on that hypothesis 
to explain the ordinary phenomena of contrast. 

In addition it is possible to account for the diminution of contrast 
colouration on circumscribing the design with a black, and the increase 
observed in the colouration in certain circumstances if the field be 
covered by a sheet of tracing paper. Further one can explain the 
_ absence of contrast colouration in absence of light of the required | 
The theory is developed by: means of mathematical | 
and the method of determining experimentally the value of the adel 
factor for monocular and binocular vision is described. | 

It is found that for binocular vision even the simplest design is able 
to displace a field without a design of many hundred times the intensity. - 

one case described the' interest factor was 600, whereas with 
monocular vision a much lower factor was obtained, viz. 4-3. 

_ There is evidence that the colours and intensities of the different parts 
of the fields and the power of attention of the individual are factors 
of importance in determining the value of the interest factor. Thus — 
fatigue causes a considerable change, the value obtained tending to 
approach unity. 

The probable site of the nervous sronenste and the possible nature 
of those processes are then discussed. Evidence is given for the view — 
that they do not occur as has been previously thought in the retina, 
but at that level in the nervous path of vision at ce fusion of the — 
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THE INFLUENCE OF VENOUS FILLING UPON THE 
- RATE OF THE HEART. By F. A. BAINBRIDGE. | 


(From the Physiological Laboratory, University of Durham, and the — 
Inetitute of Physiology, University College, London.) 


er is well lesan that when plethora or hydremic plethora is produced 


in the normal animal the venous inflow to the heart increases, the — 
venous pressure rises and the output of the heart becomes larger. At 


the same time the heart beats more frequently and the increase in the 
rate of the pulse may be very considerable. Krogh() has pointed 
out that, when the venous inflow to the heart is so large that the right 
ventricle contains as much blood as it can hold before systole occurs 
(he terms this an adequate supply to the heart), the output of the 
heart per minute depends chiefly on its frequency. Patterson and 
Starling(@) have shown with the heart-lung preparation that, if the 
venous inflow is steadily increased, the output of the heart is corre- 
spondingly raised until the venous pressure reaches a level at. which 
the heart is so dilated at the end of diastole that it is working at a 
mechanical disadvantage during systole; its output then begins to 
fall and unless the venous flow is diminished it may fail altogether. — 
Further they find that when the heart is made to beat more frequently 

not only is its maximum output, that is its range of efficiency, increased, 
but also that if the inflow is kept constant the venous pressure falls. 
The observations of Evans and Matsuoka(1) also make it clear that, 
for a given venous inflow, the venous pressure is higher and the output 
of the heart is.smaller when the pericardium is intact than when it is 
removed, so that removal of the pericardium increases the maximum 
output of the heart. Evans and Matsuoka’s experiments have been 
confirmed and extended by Kuno, who finds that, if the venous inflow 
is increased, the venous pressure rises more rapidly and abruptly when 
the pericardium is intact than when it is opened. Kuno has also 
shown that, owing to the action of the pericardium in limiting the 
cine in the pute sate meso 
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F. A. BAINBRIDGE. 


effective in increasing the output of the heart when the pericardium is 


intact than when it is removed. 

The quickening of the heart which occurs in plethora or hydremic 
plethora must be of value not only in increasing its output when the 
venous filling of the heart is very rapid but also in lessening the risk 
of its becoming so engorged that it becomes mechanically inefficient. 
There does not appear, however, to be any definite evidence as to the 
means by which the acceleration of the heart is brought about, and the 


cause of the acceleration which accompanies increased venous filling — 

_ of the heart forms the subject of the present enquiry. | 
Methods. All the experiments were made on dogs anesthetised 

with a mixture of chloroform and ether after a preliminary dose of — 

-morphia. The pulse rate was recorded by means of a Hiirthle mano- 

: meter attached to one limb of a cannula inserted into the carotid 
artery; the other limb of the cannula was connected with a mercury | 
manometer which recorded the blood pressure. In order to measure — 


the venous pressure, an iliac vein was exposed without opening the 
peritoneal cavity, and a cannula was placed in the vein close to its 
opening into the inferior vena cava; the cannula was connected with 


a manometer containing hirudin dissolved in normal saline solution. 
A piston recorder was attached to the upper end of the manometer 
so that variations in venous pressure could be graphically recorded. 


The readings of the manometer were also observed directly. The zero 


of the venous pressure was obtained usually by opening the inferior 


vena cava close to the heart and occasionally by opening the right 


auricle. In either case, the venous pressure readings here recorded 


represent only approximately (probably within 1-2cm.) the true 
venous pressure at the opening of the vena cava into the heart. 


The finide injected intethe saline 


solution or blood; the latter was either undiluted or diluted with one- 


third to an equal volume of saline solution. The fluid to be injected 


was placed in a reservoir which was immersed in water maintained 


at a suitable temperature and was connected with a cannula placed 
in a jugular vein. A thermometer inserted into the cannula recorded 
the temperature of the fluid as it entered the vein; the cannula was 


also provided with a side tube whereby, when the vein was clamped, 


fluid could be allowed to flow at will through the cannula from the 


reservoir. 
In confirmation of Newell Martin(s), Knowlton and Starling() 
have pointed out that the temperature of the circulating blood greatly 
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RATE OF HEART. 


influences the rate of the isolated heart; and in the present enquiry 
great care was taken to keep the temperature of the injected fluid at, 
or just below, the rectal temperature of the animal. Immediately 
before each injection the rectal temperature was observed, and the 
fluid in the reservoir and cannula was adjusted to the same temperature 
as the rectal temperature. The injection was then made and the 
thermometers in the reservoir and cannula were again read at the close 
of the injection; the reading of the cannufa thermometer was sometimes 
the same as that of the rectal thermometer, but was more often about. 
0-5° C. lower than the rectal temperature owing to cooling of the fluid 
during its passage from the reservoir to the cannula. 

_ The level of the fluid in the reservoir was usually 25-30 cm. above 


_ the point at which it entered the jugular vein. The rate at which the 


fluid was allowed to enter the vein was regulated by opening more or _ 
less widely @ screw clip placed on the rubber tubing connecting the | 


_ reservoir with thecannula. This method was adopted because otherwise 


the rate at which fluid entered the heart during a prolonged injection 
diminished owing to the rise of venous pressure. It had the further 


_ advantage that when the arterial pressure began to rise during an 


injection the rate of inflow could be slowed. Owing to its greater 
viscosity as compared with saline solution the injection of blood was 


made under a higher pressure than that used for saline solution. 


In the experiments in which changes in the volume of the heart 
were studied, the ventricles were enclosed in a glass cardiometer of 
Henderson’s type; this was attached to a large piston recorder. 
In the figures given in this paper, the numbers on the pulse tracings 
represent the pulse rate per minute; the numbers on the venous 
pressure tracings indicate the pressure in millimetres of water, and the 


time marker records seconds. 


RESULTs. 
. If 200-400 o.c. of saline solution are injected into the circulation | 
during a period of 14~4 minutes, the heart begins to quicken at a variable — 
period after the beginning of the injection and its rate gradually increases — 
until just after the injection is finished. It then continues to beat 
rapidly for a time, and may-not slow down to its original rate for 
a considerable period. The arterial pressure may remain unaltered 
both during and after the injection, though it tends to rise unless the 
rate of injection is slow. If the arterial pressure is allowed to rise 
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F. A, BAINBRIDGE. 


considerably, and particularly if the initial pressure is high, quickening — 


of the heart is less marked and may be quite trivial. Acceleration of 
the heart can also be brought about by the more rapid injection of 
smaller amounts of fluid, and it is possible to evoke definite quickening 
by injecting 40-50c.c., provided the rate of injection is sufficiently 
rapid (Fig. 1). Every gradation exists between these two extremes 
in the volume of the injection, 80 that the cause of the acceleration 
must be the same whether it is produced by the rapid injection of a 


Fig. 1. 


small amount of fluid or the slow injection of a large amount. When 
a small amount of fluid is injected, the acceleration of the heart may be 


quite as marked as that.caused by a large injection; but the acceleration. 


is less prolonged than when the injection is large, the heart usually 
returning to its original rate a few minutes after the close of the injection. 


Unless the injection of small amounts of saline solution is made too — 


rapidly or under too high a ‘pressure, the arterial pressure remains 
| steady or rises very slightly; if the rate of injection is very rapid, the 
arterial pressure is apt to fall. 
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RATER OF HEART. 69 


Ae Acceleration of the heart also occurs when plethora is produeéd by 
the injection of blood either ‘undiluted or diluted with a third-to an 


equal quantity of saline solution. Probably owing to. its greater 
viscosity, the injection of blood may cause a considerable rise of arterial 


pressure if a large amount is injected. It is possible, however, to 


inject 150-250 c.c. of blood with a comparatively small rise of pressure, 


provided the injection is made very slowly; in these circumstances 
the acceleration is well marked (Fig. 2). 


Fig. 2. Interval between first and second parts of tracing is 1’ 40”; interval between 
second and third parts of tracing is 15”. 


Acceleration also occurs when small amounts of blood are rapidly 
injected (Fig. 3). 

It is most important to avoid or at least to reduce to a minimum 
any alteration in arterial pressure, whether a small or large amount of 
fluid is injected, since changes in arterial pressure are in themselves 
sufficient (in accordance with Marey’s law) to alter the rate of the heart. 
Every effort has therefore been made in these experiments to keep the 
arterial pressure constant during the injection of fluid. ) 

_ In many experiments the respiratory movements were recorded in 
addition to the pulse rate and the arterial and venous pressures. As 
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a rile the injeotion of blood or saline solution had no appreciable 


influence upon the rate or depth of respiration (Fig. 3). The injection : 


of large amounts of saline solution. occasionally led to a slight increase 
in the depth and rate of breathing, but the changes were always too 
sinall to have any direct effect upon the rate of the pulse. Marked 

iterations in respiration were never observed. 
-: ‘When ati animal in 9 state of plethora is bled slowly the rate of 


Fig. 3. 
the heart decreases, and two or three minutes after the conclusion of 
and blood pressure may be almost the same 

as they were before ora was induced. By reinjecting the blood 
slightly diluted with saline solution plethora 

and can again be abolished by a second bleeding. This process can 
only be repeated once or twice in any one experiment, since the 
abdominal viscera gradually become oedematous and the circulatory 
conditions become abnormal.’ The following figures ‘show the éffects 
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Tanz 

Dog, normal 130 

Just after injection of 200 o.0. saline 130 138 

Shortly after being bled 1000. ... 95 140 
_ (2) Dog, normal 
Just after injecting 300 0.0. saline 160 90 

Just after bleeding 1500.0. 130 85 

(3) Dog normal ... 120 , 160 
; after injecting 400.0. saline 150 168 

Just after bleeding 250¢.c. .. 154 

(4) Dog, cardiac socelerators divided 90 84 

.. 110 90 


The rapid injection of eal amounts of fluid is more convenient 
for the study of the cause of the quickening of the heart, since it may 
be repeated a number of times without unduly increasing the volume 
of the cireulating blood. One or two preliminary injections are some- _ 
times neceasary, however, to ascertain what rate of injection will quicken 
the heart without disturbing the blood pressure. The fall of arterial 
pressure which is sometimes noticed with a very rapid injection seems 
to be due to extreme dilatation of the heart and a diminished output. 
__ Even in these cases acceleration of the heart precedes the fall of pressure. 

The quickening of the heart which normally accompanies hydremic 
plethora no longer takes place when this is produced after division of 
the vagi and cardiac accelerator nerves and ligature of the suprarenal 
veins. Further, Knowlton and Starling@) have shown that the 
rate of the mammalian heart, when isolated from the central nervous 
system, is not influenced either by variations in the rate of venous 
inflow, or by alterations in the eee pressure. _ cae the 
acceleration must be reflex in origin. 


The efferent path. 
: There is no evidence that the suprarenal glands play any part in 
the quickening which occurs in hydremic plethora. In the first place. 
after extirpation of these glands hydremic plethora produces as marked 
acceleration of the heart as that observed in the intact animal, and 
secondly after division of the vagi and cardiac accelerator nerves, the 
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suprarenal glands being left intact, hydremic plethora has no influence 
on the rate of the heart. This is shown in the following protocol: _ 
3 Protocol 1. Dog 9, weight 8 kilos, Cardiac accelerator nerves divided on both sides. 
Rectal temperature 35°5° C. Injected 300 normal saline solution into jugular vein. Pulse 
increased from 90-120 per minute. Blood pressure rose from 84 to 108mm. Hg. Later 
the pulse rate fell to 90. After section of the-vagi the pulse rate was 130. Later the 


pulse rate was 115. 
150 o.¢. of equal parts of blood and saline were injected. Pulse rate remained at 115. 


The efferent path of the reflex must therefore be either the vagi — 


or the cardiac accelerators, or both these nerves. There is no doubt 
that the acceleration is due largely to diminution or. disappearance of 
vagus tone. This can be demonstrated by ligaturing the suprarenal 
veins, and dividing the accelerator nerves, so that the heart is connected 
with the central nervous system solely by the vagi. In these circum- 
stances the production of hydremie plethora, or of plethora, leads to 
a definite quickening of the heart (Fig. 4). 


Fig. 4. Interval of three minutes between the two parts of the tracing, 
The rapid injection of fluid also gives rise to a temporary acceleration 


of the heart (Fig. 5). This effect is illustrated in the following protocol: — 
Protocol 2. Dog, weight 10 kilos, Suprarenal veins ligatured; cardiac accelerator 


nerves cut on both sides; vagi intact. 


. (a) Rectal temperature 36-5° C. Injection of 300c.c. equal parts of blood and 


_ saline solution; period of injection 3’ 28°, The pulse rate rose from 75 to 100 per minute; 


the arterial pressure was 105 mm. Hg before the injection and remained unchanged. | 


The dog-was then bled and the pulse rate gradually fell to 70. 


(6) Rectal temperature 36°C, Injected 1000.0, equal parts of blood and saline 


solution; injection period 16’. The pulse rate rose from 70 to 90. 
The arterial pressure was 116 mm. Hg before and after the injection. 
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The acceleration produced by plethora or hydremic plethora after 
division of the accelerator nerves is distinctly less persistent than in 
the normal animal ; this fact suggests that the quickening in the normal 
animal is due not only to loss of vagus tore but also to some increase 
in accelerator tone. It is not easy, however, to obtain convincing 
evidence on this point. When the vagus endings are paralysed by 
atropin considerable accelerator tone is often present, and the rate of 
the heart may be 170 or even more; in these circumstances neither the 
production of hydremic plethora, nor the rapid injection of small 
amounts of fluid has much effect upon the rate of the heart although 
the venous pressure rises. In some experiments the rate of the heart 
after the injection of atropin has been comparatively slow (130-140) 


Fig. 5. 


and the injection. of Sic amounts . * blood or saline solution has 
evoked a moderate increase in rate (Fig. 6). Such a result is shown in 
the following protocol : 

Protocol 3. Dog; weight 11 kilos. 
Initial pulse rate 90; after the injection of atropin 140. 300 c.c. saline solution injected 
during 2’ 50". Pulse rate rose from 140 to 170. Blood pressure rose from 95 to 100, 
and later to 140, The dog was then bled 150c.c.; the pulse rate fell to 150. 


The results of other similar experiments are given in the following 
table, which shows the effect of plethora upon the pulse rate after the 
injection of atropin; at the end of each experiment the vagi were 
divided and their peripheral ends were stimulated in order to make 
certain that the vagus endings were paralysed. — 
nerves were intact. 
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Taste IL. 
Rep. 1. Injection of 3000.c. equal) Before 110 110 
"parte of blood and saline solution) After 180 
Hap. 2. Injection of 4000. equal) Before -165 130 
parts of blood and salinesolution) After 190 - 


‘Although the quickening is rarely very marked it seems to be a 


genuine effect, more especially as it is sometimes possible subsequently 


to diminish the accelerator tone by bleeding the animal. — It is necessary, 


however, to inject large amounts of fluid and there is usually a rise 


of blood pressure amounting to 30-40 mm. 2a the oT ‘is | 


"Fig. 6. Interval between two parts of tracing = 210’, 


unaffected. It is probable, therefore, that plethora produces int 
only diminution or loss of vagus tone but also, under favourable 
conditions, some increase of accelerator tone, since the acceleration is 


not caused by increased activity of the suprarenal glands. If this is 


the case, the increase in the pulse rate brought about by increased 
venous filling of the heart falls into line with that occurring during 


muscular exercise or caused by the stimulation of many: senso nerves, 
and furnishes another instance of reciprocal action between the vagus 


and accelerator centres. ee 
of vagus tone. | 
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The afferent path, 


attempting to ascertain the seat and nature the 
whith gives rise to quickening of the heart, when the venous inflow 
is increased, it is necessary to consider first whether it can be accounted 
for by any of the recognized causes of acceleration. In the first place, 

: the production of plethora or hydremic plethora is not accompanied 
| _ by any constant or definite alteration of respiration. The respiratory 
; movements are either unaffected or are increased to a trivial extent, 
2 insufficient to produce any direct effect upon the rate of the pulse. 
5 ee Hence the quickening of the heart cannot be attributed to any influence — 
: Bee of the respiratory centre by irradiation to the cardio-inhibitory centre. 
Secondly the circulation through the brain must be practically unaltered _ 
since the arterial pressure often remains unchanged and rarely rises 
more than a few millimetres. Nor is there any reason to suppose that 
oS the composition of the injected fluid is responsible for the increase in 
a the pulse rate; this takes place whether the injected fluid be saline 
: solution or blood from another dog or the animal’s own blood. Thirdly 
rT 4 plethora is not accompanied by visible muscular movements. It is 
| probable, therefore, that the acceleration of the heart does not depend . 
: either on stimuli arising in the brain itself or upon changes in the 
_ composition of the circulating blood, but that it is brought about by 
impulges set up peripherally in the circulatory system. 
The effects produced by plethora or hydremic plethora upon the 
circulation include not only an increase in the pulse rate, but also a 
rise of venous pressure and dilatation of the heart; their occurrence 


‘Protocol 4, Dee: 5 kilos, Candine nerves intact Rectal tomp, 38-5° C. 
Inj. 200 0.0. dust before injection 146 
solution in 104°} Just after injection 160 n2 
Temp, 330°C. J 3)minsafterinjectin 140 + #4 130 


_ Similar changes accompany the rapid injection of small amounts of 
blood or saline solution. Although the rapid injection of 50c.c. of 

- fluid into a large dog, the volume of whose blood may be 500¢.c., does 
not notably increase the volume of the blood, it causes both @ rise of 

_ ‘venous pressure and quickening and dilatation of the heart. The 
‘Venous ‘pressure rises rapidly during the injection, begins to fall as soon 

. @s' the injection is ended and gradually returns to its original level 
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(Fig. 1). On the contrary, of 


fluid does not raise the venous pressure and does not evoke any 


acceleration of the rate of the heart. This is seen in the two following : 


protocols : 


Protocol 5. Dog 93 wight 68 Carte nd 


a. Injection: of 60 0.0. Before 
galline.in 2’ 20° After 105 
(2) Injection of 50 Before 146 
After 130 70. 150 


_ The sero of the venous pressure was observed after opening the vena cava near the 


Protocol 6. Dog; 6 kilos. Cardiac nerves and suprarenal glands intact. The zero 


Pulse rate Venous Arterial 
permin. pressure pressure 
(1) Injection of 50 ¢.c. Before 80 40 
saline in me after 80 45 86 
saline in 20° ‘After 100 160 84 


The close association between a rise of venous pressure and quickening 
‘of the heart is also seen when the period at which they occur in the 
course of an injection is observed. In one experiment, 100c.c. saline 
solution were injected during 20 seconds; during the injection, the 
arterial pressure rose from 82 to 86mm. Hg. The heart began to 
quicken 10 seconds after the beginning of the injection ; at this moment, 
the venous pressure had risen approximately 45mm. The venous 
pressure and the rate of the heart continued to inctease until the 


_ injection was finished. In a second experiment, 200-c.c. saline solution — 
were injected during a period of 112 seconds; during the injection the | 


arterial pressure rose from 130 to 188mm. Hg. The heart began to 
quicken 65 seconds after the injection began; at this time the venous 
pressure had risen 35mm. The heart continued to quicken and the 
venous pressure rose uritil the end of the injection. Other —— 
yielded similar results. 


It seems clear that the quickening of the heart, when the venous — 


inflow is increased, doés not depend upon the amount of fluid injected, 
that is to say, upon the increased volume of the blood, since a small 
injection may cause acceleration of ‘the heart whereas a larger ohe 
‘may fail’ to do so. There is, however, a constant relation between a 
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- acceleration of the heart produced 


and in these circumstances the 
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definite rise of venous pressure and quickening of the rate of the heart; 
as a rule the quickening begins when the rise of venous pressure is from 


30-60 mm. of water. The actual rise of venous pressure at the onset 
of acceleration of the heart varies considerably in different animals, 
but the stability of the vagus centre is doubtless influenced both by 


_ the initial dose of morphia and by the general condition of the animal. 


After the completion of an injection, whether this be large or small, 
the venous pressure gradually falls and the rate of the heart diminishes. 
When a small amount of fluid: is injected, the venous pressure often 


sinks to its original level and the pulse returns to its original rate within 
five minutes after the end of the injection. The relation between the 


fall of venous pressure and the diminution of — rate is illustrated 
in the following experiment : 


Protocol 7. Dogs $6 kilos. Cardiac nerves intact. Reotal temp. 38-25° C. 


Pulse Venous Arterial 
.Just before injection 80 70 80 
At end of oe 100 160 86 
20”. Temp. 38° C. BY 99 80 92 


_ After the injection of large amounts of fluid, the venous pomeare | 


falls rapidly at first and then 
more slowly, and may not decline 
to its original level for 15-20 
minutes after the injection; the 


by the injection also passes off 
gradually as the venous pressure 
approaches or reaches its initial 
level. 

The fall of venous pressure can 
be rapidly induced by bleeding 
the animal to a moderate degree, 


pulse rate and venous pressure 
diminish simultaneously, as is seen 
in Figs. 7 and 8. Fig. 7 shows ~ 
the effect upon the pulse rate 


and venous pressure of injecting 
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200 c.c. saline solution. Two minutes after the end of the injection, 
the venous pressure had fallen to 50mm. of water and the pulse 


rate was 180; this is shown in the first part of Fig. 8. The animal — 
was then bled to the extent of 500.c., and the second part of 
Fig. 8 shows the pulse rate and venous pressure two minutes — 


the 


Fig. 8. 


an injection depends not only upon the volume of fluid injected, but also 
upon the initial volume of the blood. If the animal has already 


received one or two injections, even a small injection of fluid may 


cause a comparatively prolonged rise of venous pressure, whereas if 


the.blood volume has been lessened by hemorrhage, the rise of venous | 


pressure produced by a large injection of fluid rapidly passes off — 
the injection: 


It is evident from the foregoing experiments first that the accelera- 


tion of the rate of the heart produced by i increasing the venous inflow 


is constantly associated witha rise of venous pressure, and secondly 


that the acceleration begins when the rise of venous pressure reaches 


a definite point and that it passes off again as the venous pressure falls. 


; Using the heart-lung preparation, Patterson and Starling(6) have 
- shown that, when the arterial resistance is constant and the venous — 


inflow is gradually increased, & point is reached at which the venous 


pressure rises sufficiently to become an effective factor in actively 
distending the ventricles during diastole and that it ultimately 
produces dilatation of the heart. — 
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constant and the heart is not fatigued, dilatation of the heart, there- 
fore, is simply an expression of, and is secondary to, increased venous 
_ and diastolic pressure. It seemed desirable, however, to make some 
observations as to the effect of the rapid injection of small or moderate 
amounts of blood or saline solution upon the volume of the heart in 
the normal animal. When the chest is opened and the heart placed 
_ ina cardiometer, its rate is often so rapid that it is not easy to obtain 
_ further quickening by the injection of small or moderate amounts of 
fluid into the circulation. Acceleration took place, however, in some _ 


(4 


| Fig. 9. 
experiments, and its occurrence was accompanied by definite and 
considerable dilatation of the heart (Fig. 9); conversely, an injection 
which was too slow to dilate the heart did not give rise to quickening. 
Although cardiometer experiments are unsatisfactory for investigating 
acceleration of the heart during increased venous filling, they show 
that the rise of venous pressure which accompanies quickening of the _ 
heart, when the venous inflow is increased in the normal animal, is 
almost certainly sufficient to raise the diastolic pressure and to cause 
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Tf a definite rive of venous and diastolic pressure is not merely — 
associated with the quickening of the heart produced by increased 
venous inflow, but is the actual cause of the acceleration, the afferent — 


impulses thus set up in the heart must travel up the vagi, since accelera- 
tion occurs when the heart is connected with the central nervous system 
solely by the vagi. Owing to the fact that the vagi are the chief efferent 


path of the reflex, it is almost impossible to obtain direct eviderice that — 


they also constitute the afferent path for the impulses which give rise 


to reflex quickening of the heart in hydremic plethora. But some light — 


Fig. 10. Interval between two parts of tracing is 40’. 


is thrown on this point by the difference in the effect of hydremic 


_ plethora upon the rate of the heart on the one hand after the adminis- 
tration of atropin, and on the other hand after division of the vagi, the 


cardiac accelerator nerves being in each case intact. After the injection 
_ of asmall dose of atropin, hydremic plethora produces some acceleration 


of the heart unless its initial rate is very rapid, whereas after division — 
of the vagi, hydremic plethora has no effect upon the rate of the heart: 


(Fig. 10). It is often necessary to employ artificial respiration after 
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RATE OF HEART. $1 
division of the vagi, but the same result is obtained when the breathing 
is natural, That-the rate of the heart was by no means maximal after _ 
section of the vagi was shown by the fact that considerable further 
acceleration could be produced by the injection of adrenalin. Further 
the amount of fluid injected was sufficient to cause a rise of 60-80 mm. 
in the venous pressure, both after the injection of atropin and after 
section of the vagi. 

The essential difference between these two groups of experiments is 
that, while in both groups the influence of the vagus centre upon the 
heart is abolished, section of the vagi also eliminates afferent impulses 
from the heart, whereas atropin excludes, so far as is known, only the 
efferent vagus fibres. Evidence based on the dissociation of efferent 
and afferent fibres by means of a drug such as atropin is not entirely 
satisfactory, but, so far as they go, these experiments point to the 
conclusion that the’afferent impulses which give rise to reflex acceleration 
of the heart when the venous inflow is increased probably arise in the 
heart and travel up the vagus. ) 

The effect of plethora or hydreemic plethora upon the rate of the 


heart after seotion of the ~~ is shown i in the conowing protocol and 
table; 


- Protocol 8. Dog ; weight 5°65 kilos. intact 
Rectal temp. 88°C. Pulse rate 100; venous ‘pressure 35 mm. 

(a) 50 c.c. of saline solution were rapidly injected ; ee ee, 
and the venous pressure 70 mm. 
(6) "The vagi were divided and the pulse rate rose to 190 at first and gradually fell 
to 170; respiration was natural. The injection of 175... of saline solution at 38° C. 
yielded ‘the following result : 


Pulse rate 170 170 
Venous pressure 35 
Arterial 178 


pressure 
fe) On settion Of the cardiac accelerators, the pulse rate fell to 145-160. 
(d) 


220-230. 
Taste IM. hee experiments the cri wore int 
enous 
Pulse rate Arterial pressure in 
per min. pressure mm. saline 
(1) (a) Normal 3 ve 
Injection of 50 equal parts) Before 115 
of blood and saline | After 150 150 — 
(b) After section of vagi 
_ Injection of 60.¢.c. equal parts) Before 150 200 
Of blood and saline After 150 200 _ 


Maximum rate of the heart was 210. | 
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82 F. A, BAINBRIDGE. 
Pulse rate Arterial pressure in 
Injection of 200¢c.c. saline Before~ _90 130 25 
(b) After section of vagi OE | 
Injection of 200 o.c. blood Before 170 
‘and saline solution After 170 160 
Maximum rate of the heart, 190. f ee 
Injection of 300 caine Before 90 
solution After 85 
| Injection of 250 Before 140. 160 
After 140 


‘Maximum rate of the heart, 190. 


Summing up the foregoing evidence, it seems -elear that the accelera- 
tion of the heart which takes place, when the venous inflow is increased 
by the injection of blood or saline solution into the normal animal, is 
not due either to alterations in respiration or arterial pressure or to 
changes in the composition of the blood, but that it is invariably asso- 
ciated with a definite rise of venous pressure. The quickening of the 
heart begins when the venous pressure has risen sufficiently to dilate 
_ the heart and to raise the diastolic pressure, and as the venous pressure 
falls the rate of the heart again diminishes; after éxclusion of the 
afferent fibres of-the vagi by division of these nerves a rise of venous 
_ pressure is no longer accompanied by acceleration of the heart. Further, 
the acceleration of the heart is not directly dependent upon the increased 
volume of the circulating blood since it may be produced by either a 
small or a large injection; and the injection of fluid seems to be effective 
in quickening the rate of the heart only in so far as it raises the venous 
pressure. 

Tt may be concluded, therefore, that the reflex acceleration of the 
heart, which is brought about by increasing the venous inflow, is caused 
by a rise of venous pressure sufficient to raise the diastolic pressure 
and to dilate the heart. Moreover, since the injection of fluid into the 
circulation is merely a convenient means of raising the venous pressure, 
it is probable that an adequate rise of venous pressure, under whatever 


conditions it may occur, leads to acceleration of the heart, provided — 


the cardiac nerves are intact and the arterial pressure is not raised. 
The question as to whether the effective stimulus to the heart is 

the rise of venous (and diastolic) pressure or whether it is the increased 

tension in the muscle fibres of the dilated heart cannot be answered with 
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OF HEART. 83. 
certainty. But the available evidence points to the rise of venous 


pressure as the essential cause of the acceleration of the heart. When 


the pericardium i is closed, an increase in the venous inflow produces a 
considerable. rise of venous pressure and a moderate dilatation of the 
heart, whereas when the pericardium is opened an increased venous 
inflow leads to a small rise of venous pressure and to great dilatation 
of the heart. It has been found in the present enquiry that the injection 
of both small and large amounts of fluid causes acceleration of the 
heart much more readily and certainly in the normal animal than after 
removal of the pericardium; the acceleration appears, therefore, to 
be correlated with increased venous pressure rather than with the 
dilatation of the heart evoked by the rise of venous pressure. 

If these conclusions are correct, the heart is provided with a reflex 
mechanism whereby, when the venous filling is increased, the circulation 
can be maintained by the more rapid transference of blood from the 
venous to the arterial system and the risk of excessive dilatation and 
of failure of the heart is lessened. This mechanism must play a part 
in the quickening of the heart during muscular exercise, which is 
accompanied by increased venous inflow to the heart and by a rise of 
venous pressure, Again, Patterson and Starling(6) have shown that 
greater diastolic distension of the heart is needed to produce a given out- 
put when the heart is fatigued than when it is fresh; this distension 
can only be caused by a rise of venous’ pressure. Since the rise of 
venous pressure will lead to acceleration of the heart, if the cardiac 
nerves are intact, at follows that a fatigued heart must meson be 
a rapid heart. | 

Marey has shown that the oalee rate tends to vary inversely 
with the arterial pressure ; consequently t the pulse rate must be in- 
fluenced in opposite directions by a rise of arterial and venous 
pressure respectively. The relationship between arterial pressure and 
pulse rate, however, has many limitations, and the extent to which it — 
holds good in the normal animal is by no means clear. The relation 
between a rise of venous pressure and the pulse rate is not only more 
constant in its incidence, but appears to be more important for the 
continued well os of the heart ie the maintenance of the circulation. 
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(1) Increased venous filling of the heart, hithes produced by 


the rapid injection of small amounts, or the slow injection of large ° 


amounts, of blood or saline solution, leads to a rise of venous pressure 


- and to acceleration and dilatation of the heart; the — pressure 


rises slightly or remains steady. 

(2) The quickening of the rate of the hit is reflex in origin since 
it no longer occurs after division of the vagi and vardiac accelerator 
nerves and ligature of the suprarenal veins. 

(3) The acceleration of the heart is due chiefly to diminution of 
vagus tone and partly to increased accelerator tone; there is no evidence 
that the activity of the suprarenal glands is increased. : 

(4) The acceleration is not necessarily or usually accompanied by 
changes in arterial pressure or in the respiratory movements, nor does 
it depend upon the character or amount of the injected fluid except i in 
so far as this raises the venous pressure. 

(5) The acceleration is constantly associated with a definite rise 


of venous pressure, and begins when the rise of pressure is sufficient 


to raise the diastolic pressure and to dilate the heart; after section 


of the vagi, the cardiac accelerator nerves being intact, a rise of venous 


pressure is no longer accompanied by quickening of the heart. 

(6) The reflex acceleration of the rate of the heart which takes 
place when the venous inflow is increased in the normal animal is caused 
by impulses arising within the heart, and the effective stimulus is an 
adequate rise of venous pressure. _ 


: hs wae this research were partly defrayed by & grant from the Government 
Grant Committee of the Royal Society. 
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(1) Evansand Matsuoka. This Journal, xurx. p, 378, 1915. 
(2) Knowlton and Starling. Ibid. xxzv. p. 206. 1912. 
(3) Krogh. Skand. Archiv. Physiol. xxvur. p. 126. 1912. 
(4) Kuno. This Journal, p. 1. 1915. 
(5) Newell Martin. Phil. Trans. Roy. Soc. chxxrv. 1883. 
(6) Patterson and Starling. This Journal, xiv. p. 357. 1914. 
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RESEARCHES ON THE NATURE OF ENZYME ACTION. 
IV. THE ACTION OF INSOLUBLE ENZYMES. By 
W. M. BAYLISS. 


(From the Institute of Physiology, University College, London.) 
THERE are certain facts with regard to the solubility of enzymes which 


are of much significance in hypotheses as to the mode of action of these 
substances. I refer to the results of experiments in which the enzyme — 


was found to be completely insoluble in the medium in which the 
reaction took place. This expression is used in the ordinary sense, 
meaning that the enzyme could be filtered off by the usual porous 
paper. It was found that, in many cases, although the suspension of 


the enzyme was active, the filtrate was inactive. In making this state- 


ment, it is to be remembered that, so far as true solution is concerned, 
all enzymes are insoluble, since they exist in the colloidal state. But 
when the theory is put forward that the activity of these substances 


is exercised by their surfaces, a more convincing proof i is afforded when 
they can be shown to be active, although present in particles of such a 
size as to be incapable of passing through ordinary filter paper. 


The chief difficulty in the investigation of various enzymes from 


this point of view is that of finding a solvent in which a particular 


enzyme is insoluble, while some substrate suitable for it is soluble. . 


In the case of several different enzymes, this has been found possible. — 
_ These cases will be taken in order and any results obtained by previous 
workers will be referred to in connection with each enzyme. 


Urease. 


_ Although Armstrong, Benjamin and Horton (1913, p. 343), 
stated that the results obtained by them could best be explained on 
the hypothesis that the enzyme acted at its surface, direct proof of 
the fact has not yet been afforded. The proof is possible owing to the 


— fact that the substrate, urea, is soluble in strong alcohol, while the 


enzyme is not. The rns ee serve to show the correctness 
the view. 
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Exp. 1. A 2%, filtered watery extract of soy beans was added in such amount to 

a 4%, solution of urea in absolute alcohol that the resultant mixture consisted of 80°, 
alcohol. The precipitate produced was filtered off through paper and the filtrate evaporated 
to dryness at 37° under reduced pressure. The residue left in the distillation flask was 
redissolved in water and found to give off no ammonia even after several days action at 
- poom temperature. That the alcohol does not destroy the enzyme under the conditions 
of the evaporation was shown by subjecting a similar unfiltered preparation to the same 
treatment. This was very active, giving rise to the formation of ammonia in a few 
minutes. The object of this experiment was to test the solubility of urease in 80°/, 


The fact that prolonged contact with alcohol does not destroy the 
enzyme was confirmed by the next experiment. 


Exp. 2, Finely ground soy beans were extracted with 76°%/, alcohol for 24 hours. 
The extract was filtered off and concentrated as in Exp. 1. The residue in the flask was 
inactive. 
beans were still very active on a watery solution of ures. 


The activity of the enzyme in strong. alcohol was va: tested as 
follows : 


different amounts of a 2°/, watery extract of soy beans were added, so that the strength 
of the alcohol in each was, respectively, 89-3, 85-8, 83-3 and 80°/,. As control, a 4°, 
solution of urea in 80°, alcohol was taken, The enzyme was precipitated in all the first 
four cases, All the preparations, without filtration, were left at room temperature for 
three days. The ammonia produced was then estimated, after addition of sodium 
carbonate, by the aeration method of Folin, as used by Van Slyke and Cullen (1914.2), 
caprylic alcohol being used to prevent frothing. 

hydrolysis in 


& percentage 
89-3 alcohol of 
858% 43%, 
88% 
-80-0%, 78°, | 
Control, without urease, of 0-06%, Se 


A graben effect is obtained if a larger asinelien ‘of enzyme. be 
: taken, or the reaction allowed to take place at a higher temperature, 


Exp. 4. 2 grams of finely ground beans were soaked in 6 c.c. of water for an 
hour. 20c.c, of 3%, urea in absolute alcohol were added to this paste, so that the strength 


of the alcohol would be about 80°,. This, after shaking, was left at room temperature _ 
for 16 hours and then at 40° for an hour and a half. ee 


37 °/, hydrolysis of the urea present. 


Evidence, of a confirmatory nature only, is afforded by conaparitig 
the effect of large particles of ground beans with that of fine particles. 
Exp. 5. Soy beans, coarsely ground, and free from husk, were sifted by: means of 


a series of sieves with holes decreasing in size. Grains of 2 mm. diameter were compared 
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passed through 0-1 mm. ‘holes, Equal weights of cach ot thees-were added to. threo 


_ samples of a 3*/, solution of urea in 75°, alcohol. Another equal weight. . of the finest 


powder was first extracted with water and then the whole added to a solution of urea in 
absolute alcohol in such quantity as to miake tho concentration equal to the other 


samples. Action was allowed to take place for 16 hours at room temperature and one 


hour and a half at 40°. The result of the experiment in which the bean was first 
treated with water, that is, the finest state of subdivision, has been given above in 
Exp. 4, The results of the other three were as follows: 
Medium 
Finest 


These salen, however, as they stand, do not mean much, sibese 
it was found that the saccharose content of the beans was not equally 


extracted by the alcohol. So that the enzyme, if it went into —— 


would not have been equally extracted. Thus: 


Ezp. 6. The solutions gave the following rotations i in a 2-decim. tube: 
Coarse particles ... 


Finest 
Alcohol 


One may, nevertheless, compare the degree of this aie li a 


soluble constituent of the granules with that of the enzymic activity 


as follows: The amount of sugar removed from the coarse particles 


was 54-6 %/, of that removed from the finest, while the hydrolytic action 


on urea was 73-7°/,. It is to be presumed, therefore, that the structure 


of the particles was sufficiently porous to allow fairly free access of the 
substrate to their interior. 


A considerable degree of activity is not to be expected in strong 


alcohol for three reasons. Firstly, the low concentration of water 


retards hydrolysis. Secondly, the area of active surface is very small 
compared with that of the colloidal particles in a watery solution. 


Thirdly, if, as I hold, the rate of action is controlled by the: amount — 
adsorbed, this would be less in alcohol, owing to the surface tension 


at. the interface between alcohol and being at 


synthesize amyl toned in. solutions of amyl alcohol containing 


8% of water-and that the enzyme itself can be filtered e giving. a. 


filtrate which is completely inactive. 
~ Nicloux: (1906) and Tanaka (1910) showed that the lipase of 


Diets (1907, p. $14) showed that pancreatic lipase . is ‘to 
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castor oil seeds is insoluble in water; so that, in watery media, the — 
action of the enzyme must be exerted at the interface of contact between 
the solid, enzyme, phase and the liquid phase. This result I have 
been able to confirm, as follows: 

‘Bap. 7. The husks were removed from some seeds, 3:5 grams of the contents crushed 


in a mortar and extracted for half an hour with 100.c. of 0-05 .N. hydrochloric acid. — 


Filtered and then neutralized. A slight precipitate was formed, which was left in the 
solution. Another portion was neutralized without filtration. 1 0.6. of ethyl butyrate 
_ was added to equal amounts of each and to water as a control. All neutralized to phenol 
 phthalein. 
set free: 


Control in water . OR of 0-05 N. NaOH 


The small precipitate formed on’ neutralization may imply a slight 

- solubility of the enzyme in acid solution and thus account for the | 

| very small effect in the filtrate. The following experiment was made 
in order to test whether the enzyme is capable of colloidal solution 

in acid. 


was neutralized and a part of the solution filtered off from the slight precipitate produced. 


Ethyl butyrate added to equal quantities of both. The following degrees of sotivity — 


were obtained after three days st room temperature: 


Unfiltered ... 1-2.c.0. NaOH 
Filtered sie 0-9 c.c. 
Control in 0-2 c.c. 


It appears thus that the enzyme is very slightly soluble in sold, 
but, comparing the effect with that of the previous experiment, it will 
be seen that this solubility is negligible, namely, 0-4¢.c. (corrected — 
for one day’s action) against 45 c.c., or less than one-hundredth of the — 
Emulss 


_ It was shown by Bourquelot et Bridel (1912, 1913. See especially 
_ —p. 231 of the latter work) that ethyl glucoside is formed by emulsin - 
— in 90% alcohol and (p. 160) that -salicin is hydrolyzed i in alcohol of 
the same strength. The enzyme is insoluble in these media, as was 
also found by myself (1913, Pp 251). I confirmed the fact as concerns — 
iso-amyl-glucoside, which is formed in 90%, amyl alcohol. The 
following experiment shows that B-methyl-glucoside is hydrolyzed: 

9. Taking 2°, solution of the glucoside in 90°, alcohol, to which about half 
® gram of emulsin was added, the rotation of a filtered part of the solution was found to — 
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be — 1°47 for the mereury green line. This filtered part was returned to the unfiltered 
part and placed in the incubator. at 38° for five days. So 
— 0°-93, 

It was not thought ee to make “ further ee with 
this enzyme. 

Invertase. | | | 

An acetone precipitate from autolyzed yeast was tested first, but 
the action m 90 °/, alcohol was very slow, owing to the sticking together 
of the enzyme preparation in gummy lumps. 


to an alcoholic solution ef saccharose in such quantity as to make the alcoholic content 


90°,. A part was filtered off and.found to have a rotation of 0°-91. This part was 


_ placed along with an unfiltered portion at room temperature. No change could be 
detested four days, but after 18 days the following rotati.ns wore obtained : 
Filtered ...  0°-87 
Unfiltered ... 0°56 


Acetone dried yeast (“Zymin”) was found to be free from the ; 


agglutinating properties and thus afforded a greater active surface 
and a more rapid action, thus: 


Rep. 11. About 2 grams of the powder were added to 50c.c. of saccharose in 
80°, alcohol. of After six days 
Filtered ... + 12°077 
Unfiltered . - 0°76 


formed, the production of reducing sugar was confirmed by evaporating down the filtered 
alcoholic solution and redissolving the residue in water. The solution thus obtained had 
@ rotation of — 1°7 and 30.c. reduced 20c.c. of Fehling’s solution. This reduction is 
_ practically equivalent to that of invert sugar corresponding to the rotation. The cane 
sugar had thus been almost completely hydrolyzed. zs 


Lactase. 


‘Lactose was found to be so insoluble in strong alcohol that it was 


necessary to proceed in another way. By the addition of excess of 
lactose to the reacting mixture, as the small amount in solution is 
attacked, more is dissolved, since glucose and galactose are more 
soluble. Thus an increase of rotation and reducing power implies a 
production of hydrolytic products, both from the lactose originally 
present in solution and from ‘ths additional amount dissolved as the 
reaction proceeds. 
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Bxp. 12, A saturated solution of lactose in 70%/, alcohol was shaken with emulsin. 
A part was filtered and excess of lactose added to both. . i cores ee rere 


“Filtered was 0°-55 2-4 43 
Unfiltered 1°-20 18-5 15-4 


The reducing power was determined in 5 c.c. of each after driving off the alcohol. 


The change of the ratio of rotation to reducing power is additional — 
evidence of hydrolysis of lactose, but in comparing the numerical 
values, the following fact must be considered. From the work of | 
Bourquelot et Bridel, it seemed probable that the glucose and 
galactose set free would, to some degree, combine with alcohol to form 
the respective B-glucosides, in the presence of emulsin. These glucosides, 
being levo-rotatory, would cause the hydrolysis in this experiment to 
appear less than had actually taken place. A portion of the solution — 
was accordingly evaporated to dryness, extracted first with absolute 
alcohol, which dissolved a considerable amount of the sugars and the 
‘ possible glucosides. This solution was again evaporated to dryness . 
and extracted with ethyl acetate to dissolve the latter, as in the 
method of Bourquelot et Bridel. A small amount of a substance 


was obtained which was levo-rotatory and had a specific rotation for — 


the mercury green line of — 2p". The amount was too small for further 

Drypsin, 

The chief difficulty in this case is nding a suitable substrate. 

Gliadin, which is soluble in 70%, alcohol, although not very readily 


attacked, seemed to be a possible one. The solubility of ee in 
alcohol of this strength was first tested, as follows: : 


Exp. 13. 2 grams of Schuchardt’s trypsin were dissolved in 15¢.c. of ‘oaker 
and added to 35e.c. of absolute alcohol. Filtered and the filtrate evaporated nearly 
to dryness in vacuo. The residue in the flask was extracted with dilute sodium carbonate, 
which did not completely neutralize the acidity of the preparation, so that it was made 
faintly alkaline with ammonia, and a small piece of fibrin added. ‘The insoluble part 
of the trypsin was suspended in 70°/, alcohol, evaporated as above and fibrin added. 
Next morning, the fibrin was found to have been dissolved in hoth, Mett’s tubes with 
gelatin were then added to both. The preparation from unfiltered trypsin was very 
active, white that trom the Sleoned part only dissolved 4 mm. in three days. 


It would appear thus that trypsin is very slightly soluble in 10 o/, 
alcohol. The fact that the action is considerably more rapid in the 
unfiltered mixture indicates, however, wae the undissolved enzyme is 
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taking part in the reaction, since both solutions were. ’ presumably 
saturated. There is a possibility that the enzyme had partially 


disappeared from the less active solution, since trypsin is somewhat 


unstable. The effect. was therefore tested on gliadin in 80% aloohol, 
although this protein is only slightly soluble in it. 


Exp. 14, A saturated solution of gliadin in 0-013 normal sodium hydroxide in 80°), 


alcohol was made at 40°. Cooled and filtered. The amount of 0-05 normal NaOH. 


required to neutralize 20 c.c. after addition of formaldehyde, was 4c.c, A part of this 
solution was set aside as control. 3 grams of dry trypsin were added to 125¢.c. of the 
remainder and made faintly alkaline with sodium carbonate in order to neutralize the 


acidity of the enzyme preparation. A part of this solution was filtered and had a form- _ 


aldehyde value of 4-4 c.c. for 20c.c, The three preparations were kept at 38° for seven 


| Without trypsin . 
‘With trypsin, unfiltered 
With trypsin, filtered ... 3-7 


We see that trypsin is active on gliadin in 80°, ieshok although 
the filtrate was inactive, the formaldehyde value being a little less 
than the original one. . The decrease of the value in the first sample 
is unexplained. | | | 


50 o.0. of a 2°/, solution of gliadin in 70°/, alcohol, made acid by the addition of hydro- 


chloric acid, After seven days’ action at room temperature, the solution gave 4 red 
biuret reaction, whereas # solution from which the enzyme had been filtered, after standing” 


re eee standing, the same blue-violet colour as the original. 
The pepsin appeared to be destroyed at the end of the experiment, 


since neither the neieeived scales nor the supernatant fluid had any 


effect, on fibrin. 

On repeating the experiment with very active preparation by 
Schuchardt, which was in the form of a white powder, it was noticed 
that the substance was almost entirely dissolved by acid 70°, alcohol. 
But the filtered solution had no action on fibrin. Further experiments 
were made to elucidate the question: © 


- Hap. 16. Aboub 1 gram of this pepsin was dissolved in 15 0.0. of water. The 
addition of 15 ¢.c. of absolute alcohol did not cause a precipitate and a further 20 c.c. 
only produced a faint turbidity. A drop added to absolute alcohol was precipitated. 
This solution in 70°/, alcohol was filtered and the filtrate evaporated nearly to dryness 
in vacuo at 40°, The residue was extracted with 0-05 normal acid and fibrin added. At 


40° the fibrin was dissolved very slowly, especially as compared with the effect of a small — 


amount of the original powder added to the same solution. 
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92 W. M. BAYLISS. 
Bap. 17. 1 gram of s scale preparation of pepsin was dissolved in 15 c.0. ‘i sister 
and 45.0. of aleohol added. Filtered. Filtrate evaporated as above, residue extracted 


with acid and fibrin added. It was dissolved in an hour or so, much more rapidly than ! 


in the previous experiment. 
1 gram of the same scale preparation was dissolved in 15.0. of 0-05 normal HCI 


and the experiment repeated in the same way as before. The alcoholic filtrate did not 
attack fibrin. It was then neutralized and evaporated in vacuo. The residue when 
extracted with acid attacked fibrin, but slowly. The original precipitate produced by 
addition of alcohol to the acid solution of pepsin itself attacked fibrin slowly, although 
‘more rapidly than the former. 


Ezp. 18. 80°, alcohol made 0-05 normal in HC! and saturated with gliadin. Scale 


pepsin added. This had been dissolved in water and was precipitated when added to the _ 


- aleohol, Finally, more alcohol was added to make the whole strength up to 80°,. 


A part was filtered off and 10.c.c. were found to have a formaldehyde value of 22-6. Of 


this 10c.c. would be due to the acid present. Another filtered portion was set aside, 
together with the remains of the unfiltered part. A flake of fibrin was added to the filtered 
portion. After 10 days at room temperature, the fibrin was still intact, but the forntalde- 


hyde value of the unfiltered preparation, after filtration, had risen to 23-9, This implies _ 


a rise from 12-6 to 13-9, not a large change, but pepsin does not produce any considerable 
increase in free NH, groups, such as the method determines. The experiment is merely 
confirmatory of the preceding ones. 

Pepsin, then, appears to be capable of colloidal solution to a slight 
degree in 70-80%, alcohol, but to be more or less —_— destroyed 
therein, especially if the reaction be acid. 


With respect to both trypsin and pepsin, it is to be oti that the 
amount that enters into solution in strong alcohol is sufficient to attack — 


fibrin, if the alcohol be removed and replaced by weak alkali or acid; 

‘but the reaction is slow. Gelatin may also be attacked, but more 
slowly than fibrin. The amount of the enzyme dissolved is insufficient 
to hydrolyze either fibrin or gliadin in 70%, alcohol. The filtrates 
_ from suspensions of these enzymes in alcohol are always more or less 


opalescent and it is well known that even proteins may be soluble 


in alcohol under certain conditions. At “the same time, the fact that 


the suspensions are so much more active than the filtrates from them 


shows that the insoluble substance is active. The filtrates must be 
saturated in the ordinary sense, since the residues are —— of so 
considerable a degree’ of activity. 


Autolytio Enaymes. 


Wells and Caldwell (1915) have recently shown that sty } 
of tissues in any of alcohol below 90 
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Papain. 

Bap. 19. ‘Papain (Merck) 
added, shaken well and a part of it filtered. 10 c.c. of the filtrate had a formaldehyde 
value of 4°8c.c. A flake of fibrin was added to another part of the filtered solution and 
this, together with the rest of the unfiltered part, was set aside at room temperature 
for 10 days. The fibrin was not dissolved. The formaldehyde value of the other, 
containing suspended enzyme, was, after filtration, found to have risen to 7-4. 


Hep. 20. A saturated solution of gliadin in 80°), alcohol was made. A rather small 


amount was dissolved. Filtered. Formaldehyde value of 20 c.c.—7-3 c.c. of 0-05 normal _ 7 


NaOH. To 150c.c. about 3 grams of a scale preparation of pepsin were added. A sample 
of this, filtered, gave a value of 9-7 c.c., owing to the acidity of the pepsin. Both the 
filtered and unfiltered parts were placed in the incubator at 38°. After eight days, there 


to 183.0. 


Papain therefore is sapebis of action in a ‘medium in which it is- 
insoluble. 


Peroxidase. 

Bap. 21. A dried preparation of the peroxidase from horse-radish, made by the 
method of Bach and Chodat (1903), was found to be soluble in 66°, alcohol, the 
filtrate giving a marked reaction with guaiaconic acid and hydrogen peroxide. It was 


insoluble in 75°, alcohol, the filtrate giving no reaction. A suspension in alcohol of the 


peroxide. 


Peroxidase, me acts in a medium in which it is insoluble. 


Catalase. 


Eap. 22. A small drop of blood was allowed to fall into absolute alcohol in a test 
tube. The alcohol was poured off the precipitate and replaced by a mixture of nine 
parts absolute alcohol with one part of hydrogen peroxide (“10 vol.” solution). A stream 
of bubbles of gas arose from the particles of coagulated blood. A similar experiment 
was made with a fragment of liver, which also evolved gas under similar conditions. 


Catalase is, therefore, active in 90°/, alcohol. 
Platinum black. 
Exp. 23. A small piece of platinized asbestos was put into a solution of hydrogen 


_ peroxide in 90%, alcohol, similar to that of the previous experiment. A vigorous evolution 
of gas took place. The addition of guaiaconic acid gave rise to the deep blue colour of 


its oxidation product. 
Platinum acts both as catalase and as peroxidase in 90°, alcohol. 
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SuMMARY. 


Urease, lipase, emulsin, invertase, lactase, papain, peroxidasé and 
catalase are shown to be active in media from which they can be papetod 
off by ordinary paper, while the filtrates are inactive. 

Pepsin and trypsin are very greatly more active in suspensions of 
the solid preparations in strong alcohol than the filtrates of such 
. saturated solutions are. But these enzymes seem to be capable of a 

small degree of colloidal solution in such solutions, so that a slight 
degree of activity may be obtained from them. | 

Enzymic activity is thus manifested at the interface of contact da 
~ between the solid enzyme phase and the liquid substrate phase. The 
catalysts concerned are not in true solution. 5 
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PHYSIOLOGICAL ASPECT OF PHOTOGRAPHIC SAFE 
LIGHT SCREENS. By H. HARTRIDGE, Fellow of 


Kong's College, Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


Dime some experiments on a safe light screen for ie 


purposes, several phenomena have been encountered of physiological 


interest. It had been found by means of a simple spectrophotometer 
that the majority of non-colour sensitive silver emulsions do'not react 
to the part of the spectrum of longer wave-length than A530; while 
several were found to be inactive to \ 520. A few emulsions were found 
to be sensitive again in the extreme red of the spectrum but this was 


negligible in amount compared to that found in the blue, violet and 


ultra violet. Experiments were therefore made. to ascertain what 
combination of waves above A 530 produced the best visual effect. 
Now in order to obtain a white light it would be necessary to combine 
with the extreme red of the spectrum, a band in the green complementary 
to it in colour, This was shown by Helmholtz() to be at about 


~ 4.490 and it was therefore within the region to which a photographic 
emulsion is sensitive. A filter was made however by combining separate - 


dyed films of gelatin. which transmitted a band in the extreme red 
A 730 to A685 and also one as low in the green as was safe, namely, 


from A 550 to A 530, in order to investigate the light passed by it. When © 


this colour filter was placed in front of an osram lamp, the light trans- 
mitted was seen to be of a pale rose colour. When other lights in the 
dark room were extinguished the eye slowly became adapted to the 
colour of the light which then appeared more or less white). Parti- 
cularly was this the case if the illumination was diminished, for the 
Purkinje effeet(s) caused the green component to appear of relatively 
greater intensity than the red and therefore the two components more 
nearly. balanced. When coloured objects were examined it was found 


that a considerable number could be recognized. Red, pink and brown, 


green, pale green and olive and various shades of grey appeared to be 
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changed but little; certain greens however and most shades of blue and 
violet appeared red. The greens most noticeably affected were those — 
of plants(4), the pale yellow-green changing to an autumnal brown 
in this light. The explanation was found to be that these greens, 
blues and violets all reflect brilliantly a band in the red, that almost 
exactly corresponded to that transmitted by the colour screen. 

_ There were two other noticeable features about the light: the 
first was that its colour depended to a great extent on the illuminant 
in front of which the filter was placed; thus by candle light it was 
red, while by daylight it was apple green(5). This phenomenon was due 
to the varying amounts of red and green present in the lights from _ 
different illuminants. The second feature was that if white objects — 
on dark grounds were examined colour fringes were to be seen round their 
edges, for the eye being uncorrected for colour the red and green 
components came to a different focus on the retina and therefore if 
one was in focus it formed a sharp image which was overlapped by 


the confusion disk of the other. This also led to what may be termed 


chromatic instability, for some moments the red image would be 
focussed, the green forming the fringe, and then suddenly the green 
would be the focussed and the red would form the unfocussed image. _ 
Since the separation of the two component bands in the spectrum 
is the cause of the colour fringes, the chromatic instability, and the 
change in colour of the light with change in the artificial light source, — 
while the use of a band in the extreme red in the spectrum gives the 
false colour rendering of certain greens, blues and violets, it was clear 
that the use of a different band in the red, one closer to the green band — 
‘in the spectrum and one which greens, blues and violets do not reflect, 
would probably improve the visual effect of the light. Two objections — 
to the change were to be anticipated, however, for the light would 
_ probably be less white owing to the fact that the colours would be still _ 
nearer together in the spectrum than they were before; there would 
also be difficulty in removing sharply the intermediate spectral region 
between the two bands. The experiment was tried however and proved 
successful. If the light from an osram lamp having passed through 
this filter was allowed to illuminate a white surface, then the appearance - 
of the surface except for difference in intensity was almost indistinguish- | 
able from its appearance under the unscreened light. Careful comparison 
in @ photometer showed that the surface was a pale cream, when 
illuminated by the light that had passed through the filter. : 
If the surface of the filter were itself looked at its colour was seen 
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to be a yellowish green, which varied slightly in colour from part to 
part; this was due to the uneven dyeing of the gelatin films of which 
the filter was built up. By daylight the filter appeared a strong lemon 
yellow, but here again the light quickly lost its colour if direct daylight 
were excluded. The interposition of neutral tint glasses between the 
eye and the surface of the colour screen caused the latter to appear 
whiter. Any other method of reducing the intensity such as putting 
a into the osram lamp circuit brought about the same result. : 
This: light was found very pleasant to the eyes, no colour fringes — 
octal be observed round black and white objects, and there was no 
sign of chromatic instability. The colour of the transmitted light with 
different illuminants remained practically constant. Colour rendering — 
of objects was good. No obvious change occurred in colours when the 
screen was interposed between the objects and the illuminant. Chloro- 
phyl green even was found to be correctly represented, blues and violets 
were easily recognized. Comparison in a simple photometer showed 
that while yellows were too pale, blue greens and blues lacked brilliance 
while violets were too red. Spectroscopically the light consisted of a 
single broad spectral band extending from A680 to A530. At about 
the position of the yellow A575 to A595 there was a weak and indefinite 
_ absorption band which spread into the red and green. The region 
from A 680 to A595 therefore appeared a full red of almost uniform 
colour; similarly a full green was seen to occupy the region A 575 to 
4530. Between A575 and A595 the red and green areas fused into a 
brownish band, The orange and yellow green appeared to be absent 
from the spectrum. This was doubtless partly due to simultaneous 
contrast between the red and green areas, the orange appearing redder — 
and the yellow green greener; partly also tc reduced intensity, for — 
Edridge Green found that for normal vision there were fewer definite 
coloured areas seen in the spectrum with low intensity than there were 
for high (6). This was found to be so in this case, for on increasing 
the power of the light source or opening the slit of the spectroscope, 
the spectrum was seen to return to its normal appearance. 
It seemed remarkable that a light corresponding to a broad spectral 
area occupying roughly one-half the spectrum should under any circum- 
stances appear white. Yet.such is the case and the explanation appears 
to be as follows: Rayleigh has shown(7) that the yellow formed by 
mixing red and green of the right intensity closely matched a pure 
spectral yellow, the amount of red and green and white required for 
@ match depending on the individual. : | 
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* Between the extreme limit’of the red and 540 it is said that no 
white light is required for a perfect match. Thus v. Kries found(é) 


that red A 670-8 and green A552 when mixed in right amount could 


match exactly all intermediate waves in the spectrum. If therefore 
the whole of the spectrum above 540 be transmitted by a colour 


filter one would expect the resulting mixture to be a pure yellow, if 
the relative intensities of the various red and green components be © 


suitably adjusted. But since v. Kries has proved that the relationship 
between the colours is such that from the point of view of colour mixture 
they appear to lie on a straight line it is sufficient to have adjusted the 
whole red intensity against the whole green. Now if the intensity is 
_ high, such is indeed found experimentally to be the case, the light 
obtained is a lemon yellow which matches a pure yellow exactly. If 
the intensity is reduced however it is found that the match no longer 


holds, for the mixed yellow now has a white valency which is not 


present in the other. Now since the mixed light itself contains some 
yellow rays, limiting the band on one side to A 550 instead of A540 
reduces the white valency for a particular intensity, similarly limiting 


the band to A530 increases the white valency, while removing the | 


central part of the band still further increases the whiteness of the 
transmitted light. Now as mentioned above the colour screen made 
by me transmits as far as 1 530 and contains a dye that reduces as far 
as possible the intensity of the yellow rays. The best amount of 
reduction in practice was found to be such that it made the intensity 


of the yellow about one-third that of the red and green. If therefore : 


we assume that red and green rays of certain wave-lengths combine 
to give a light, which has a white valency, which white valency increases 
in amount relative to that of colour as the intensity is diminished, we 


have an explanation of the appearances of the light and the colour 
screen under the circumstances described above. This question will — 


be returned to shortly. ; 
There is a further point to account for, namely, how it is possible 
to recognize blue objects in the complete absence of blue rays. The 


presence of blue rays can be excluded for even a trace would at 


_ once show itself by rendering the light unsafe photographically. The 


explanation appears to be as follows: The colour of a pigment is com-— 


plementary to the part of the spectrum occupied by its absorption 


band, a blue pigment, therefore, is one with an absorption band in 


the yellow. A blue object should therefore be recognizable in 
any light from which yellow rays can be removed by absorption, 
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but only if the remaining rays combine to. give something other than 


yellow. 

If therefore v. Kries is right and the spectrum from the extreme 
red to A 540 indeed falls along a straight line, then it would be impossible 
to explain the recognition of a blue object in such a light, but if as I 


have suggested above the light contains a white valency formed by 


the union of red and green rays, then the removal of yellow rays by 


_ the absorption band of the pigment renders the light reflected by it 


less yellow, that is the pigment appears blue. The hypothesis of 
v. Kries would appear therefore to require revision for, if the straight 


- line relationship holds good at high and medium intensities, it apparently 


does not do so af low. 

Now the idea has suggested itself that the white valency at low 
intensities is due to the light nearly reaching the threshold of the 
retinal apparatus for day vision, and therefore stimulating with — 
relatively greater force the apparatus used at night. There are two 
reasons why this cannot be the explanation; firstly the intensity of 
the light is too high to be near the threshold of day vision, since it 
is approximately equal to that of an ordinary orange or red safe light 
of the same photographic safety. Now it is well known that orange and 
red rays stimulate the apparatus of night vision to only a slight extent (9), 
the intensity must be therefore well above the threshold of day vision 
for otherwise no light would be visible. And what is true of orange 
and red is equally true of any other light of equal intensity. The. 
second reason for rejecting the above explanation is that the colours 
of objects are recognized, which clearly shows that day vision is 
concerned. An alternative theory therefore suggests itself, namely, 
that the blue visual sensation is stimulated by rays at any rate longer 
than A550 since such rays when suitably combined contain a white 
valency. Supposing for a moment that the limit to the blue sensation 
is at A560, then the waves between A560 and A530 stimulate this 
sensation and therefore give the light its unsaturated appearance. 
It is more difficult to find an explanation of the increased whiteness 


of the light with decreased intensity, in fact so unlikely did it appear 


at first sight that pains were taken to prove that such was indeed the 
case. It was found however that the observation of the phenomenon 
is by no means limited to this case. Thus Tonn(10) found that although — 
green A 511-8 was complementary to red A 670-8, yet when the intensity 
was diminished the complementary green required was nearer the 


yellow, namely, A 547-3, Similarly Aubertq) found that a mixture 
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of red and green that matched a pure yellow at high intensities, became 


relatively brighter and less saturated as the illumination was decreased. 


These changes are due according to Tschermak(2) to alteration in 


adaptation, the blue sensation becoming relatively more sensitive than — 


the red and green with decreased illumination. The following experi- 
mental data would appear to be in favour of this view. If the eye 


be exposed to a strong yellow light for some minutes, and then the 


light from the colour screen examined it will be found that the light 
appears pure white even if the intensity is such that normally it would 
appear yellow. Similarly by exposing to blue rays, the hght appears 


a pure lemon yellow even when of such low intensity that normally 


* 


it would appear white. 


SUMMARY. 


It has been found by experiment that a photographic safe light 
screen can be constructed which gives better visuaf results than the — 
orange and red screens usually employed. The colour of the light 


is found to vary with the intensity of the light, being yellow at high, 
cream at medium, and white at low intensities. Spectroscopically 


the light shows a broad band corresponding to the red, orange, yellow 


and yellowish green parts of the spectrum. The long red rays and the 
blue green, blue and ultra violet rays are not present. The colours 
_ of objects are only slightly modified by this light, the most noticeable 
change being that yellows are too pale, while blues are too dark. The 
white appearance of the light when of low intensity and the recognition 


of blue colours in the absence of blue light can be explained on the 


tri-chromatic theory if one supposes that the blue sensation is stimulated 


by rays longer than A 550, and that this sensation is relatively more — 


_ sensitive to light of low intensity than are the red and green sensations. 
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AN IMPROVED SPECTROPHOTOMETER. 


By H. HARTRIDGE, Fellow of King’s College, Cambridge. 


(From the Physiological: Laboratory, Cambridge.) 


| Tae object of spectrophotometric measurements is the determination 


of the amount of absorption in different parts of the spectrum caused 
bya pigment. The most convenient factor for measuring and expressing — 
results is the “Absorption Relation” since its value at different wave- 
lengths is independent of the thickness and concentration of the solution, 
and is characteristic of the substance under investigation. The con- 
nection between this factor A and the ratio of the intensity of the 


unabsorbed light J to the incident light I’ is expressed by the following 


formula: 
A x log of ratio I to 
(where 7’ and © are the thickness and concentration of the pigment). — 


Heretofore it has been the practice in spectrophotometry to keep 


T and C constant and to determine A by measuring the values of log 


ratio I to I’ at different wave-lengths, with suitable apparatus. The 
disadvantage of determining A in this way lies in the fact that the 
intensities of the fields to be matched vary from point to point in the 
spectrum, and thus necessitate a readjustment of the sensitiveness of 
the eye mechanism before each measurement can be made: further 


when there is much absorption the darkness of the fields makes matching 


difficult,-and therefore makes the method inaccurate at the very 
points of greatest interest, namely the tops of the absorption bands. 


But the great difficulty of the method is obtaining accurate apparatus 


by means of which the intensity of the light in the comparison field 
can be controlled. Neutral glass wedges are unsuitable because the 
absorption varies with the wave-length. Annular casts in- gelatin 
containing finely divided carbon have the disadvantage of surface 
imperfections which are unavoidable(). If nicols are employed as in 
Hufner’s spectrophotometer the finest square ended type of large 
aperture are essential, and these give extinction values which not only 
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vary with the wave-length, but which do not vary as they should 
according to the law, Ratio I’ to I= cos*@). The adjustable sector, 
~ although almost perfect in every other way cannot for mechanical 

reasons be made to give the same accuracy when closed to small angles 
as it does at large. The.great obstacle in the way of every method that 
can be devised to control the comparison beam lies in the fact that the 
. absorption factor varies as the log of the intensity, and therefore 
necessitates that the accuracy of measurement shall increase as the 
intensity of the field decreases. The method of controlling the intensity 


of the spectra, by altering the width of the collimator slits, was used — 


by Vierordt. It has the disadvantage of causing the over-lap of 
the light. waves in the two spectra to be unequal. The importance 
_ of keeping the over-lap constant lies in the fact that the sensitivity of 
the retina varies in-value from point to point in the spectrum; it is 
not known whether loss of light due to the absorption of the eye media 


is responsible for this, or whether the cause has to be sought for else- 


where, but the fact remains that unless the number of elementary waves 


seen by the eye at any one point in both spectra are the same, grave 
errors are introduced. 


Now if formula (1)-be again examined, it will be seen that two other 
methods of measuring the absorption relation are available, in both 


of which the ratio of I’ to I is kept constant. The first is by changing 
the thickness keeping the concentration constant, the second by changing 
the concentration keeping the thickness constant. 

The great advantage of both methods lies in the fact that since the 
ratio of I’ to I is constant, no adjustment of the intensity of the com- 
_ parison spectrum is required. Therefore not only is the need for 
extinction apparatus avoided altogether, but since the intensities of 
the fields to be matched stay constant throughout the determinations, 
the eye does not have to become readjusted each time to the change 


in brightness, and therefore the accuracy of the observations is very 


greatly increased. | 

_ The first method has the advantage that the thickness of a layer 
of pigment can be adjusted both conveniently and accurately by the 
use of a deferential wedge trough. The second method used alone is 
laborious, neither can it be used in cases where equilibrium exists 
between pigments in solution or between a solution and a mixture of 
gases. It has, however, valuable application when used in conjunction 
with the first method. Suppose three solutions to have been prepared 
of a certain pigment, the first of unit strength, the second one half 
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unit pny the third one quarter unit strength ; then when the obser- 
vations are plotted it will be found that three distinct sets of 
observations will have been obtained for every part of the spectrum, 
It will therefore be seen that the second method gives a very valuable — 
means of checking the accuracy of the observations. 

The principle of the wedge trough is as follows: If the intensity 
of the light incident on a trough containing a pigment in solution, 
be compared with the intensity of the beam that emerges, the difference 
is due not only to the light absorbed by the pigment, but also by (a) the 
absorption of the solvent, (b) loss of light by reflection and scattering 
at the surfaces of the trough, (c) the absorption by the material of 
which the trough is made, (d) absorption by dust and other matter 


_ suspended in the solution, (e) specific surface reflection of the light 


as it enters the pigment solution. 
Now since it is the light absorbed by the pigment alone that we | 


wish to measure a method of neutralising the effects of the other factors 


| 


1. A, wedge wongh; B and trough. 3 


has to be devised. For this purpose, two troughs are provided, A and 


B, see. Fig. 1. A is 150 mm. long and is divided into two similar 
triangular compartments by a flat glass partition which passes diagonally 
across from corner to corner. If the thicknesses of the triangular 
compartments be measured at any one point, they will be found when 
added together to equal 25 mm. approximately. This trough is placed 
in front of the upper collimator of the spectrophotometer (see Fig. 2) 
being mounted on a carriage which can be moved by rack and pinion 
in such a way that the beam of light that enters the slit of the upper 
collimator can be first caused to traverse ae desired transverse section 
of the trough. | 

Trough B is 15 mm. long and is divided into two rectangular com- 
partments by a flat glass partition, the front compartment being 24 mm. 
wide and the other 1 mm. wide. This trough is fixed in position in 
front of the lower collimator, in such a position that light entering 


the slit has to traverse both compartments normally. 
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if Fig. 1 be examined it will be seen that the back compartment 
of each trough is shaded to indicate that it is filled with @ solution of 


the pigment that is to be examined. The front unshaded compart- 
- ments contain either pure solvent, or solvent to which has been added 


other substances known to be present beside the pigment in the solution. 


Now it will at onee be seen that by using troughs of the dimensions 
given the total thickness of solvent is constant and equal for both 


collimators, and is independent of the position of the wedge trough A: 
the absorption caused by the solvent is therefore compensated. There 


are three layers of glass in each trough through which the light has to 


pass; by making these equal in thickness the absorption due to the — 


glass is compensated. The number of glass-air and glass-solvent 
surfaces is the same in both troughs, so also is the number of glass- 


pigment surfaces; the specific surface reflection of the light as it passes: 


_ into the pigment solution is therefore compensated at the same time 


as are the losses at the other surfaces of the troughs. The effective 
thickness of the pigment, the absorption of which is observed, is clearly 


the difference in the thickness of pigment traversed by the two beams 
of light in reaching the slits of the collimators, that is the thickness of 
pigment solution in A (which of course depends on the position in 
which A has been placed) minus the thickness of pigment solution in B. 

The zero of A is. therefore not at its extreme left-hand end as it 


would be if A were used alone, but is at the point where the thickness — 


of pigment in A corresponds to that in B. The ends of A are therefore 
not required for purposes of measurement, a matter of importance, 
since the ends of wedge troughs are always spoiled by the creeping in 
of the cement. 
It is necessary to see that the trough A is placed on the carriage 
in such a position that the pigment solution is nearest. to the slit of the 
collimator. The importance of this lies in the fact that as is well 
known the refractive index of a pigment in solution varies from point 
to ‘point in. the spectrum, rising very rapidly as one passes down the 
spectrum from the red towards an absorption band, changing very 
Tapidly from a maximum to a minimum within the band, and then 


rising again to normal as the band is left behind. A prism-shaped 


mass of pigment solution not only acts as a prism, but refracts in a 


very irregular manner. If this prism is placed immediately in front 


of the collimator slit, the rays which enter the slit have passed through 
from *the pigment solution normal to the surface and’ therefore 


4 


undeviated. The thickness of the pigment layer is therefore not altered | 
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_ by anomalous dispersion in the way it would be if the pigment solution 
were placed in the compartment furthest from the collimator. There 
is a further advantage to be gained by placing the pigment nearest s 
_ the collimator which will be referred to later. } 


It was @ matter of uncertainty whether to divide the compensating 


_ trough B into two rectangular compartments or into one triangular 


and one trapezoidal as shown in trough C. The advantages of the 
first arrangement were that, as will be described below, the field could 


be adjusted to be equally ‘illuminated at the centre, but unequally 
_ illuminated at its edges. By moving the trough, this area of equality 
_ could be adjusted so as to be exactly in the centre of the field. With 
_ the trough divided by an angular partition the whole field changes in 
- intensity simultaneously and the delicacy of the adjustment is therefore 


not so great. It gives however a more perfect correction of the effects 
of anomalous dispersion on the thickness of solvent passed through 
by the beam of light. Where the solvent is colourless the want of 
correction does not matter, but where a coloured solvent is used errors 
of importance may be introduced which can be avoided by this arrange- 
ment. Further, a more perfect correction of the effects of surface 
colouration can be obtained by using the angular partition, but the 
errors introduced are very slight. 

The technique employed for calibrating the wedge cua by means 
of the micrometer microscope so that from the position of the carriage 
the thickness of the pigment solution can be read off, has already been 
described in detail elsewhere (3). 

There are several ways in which the light entering the upper colli- 
mator can be reduced by the standard amount; these are (a) a rotating 
sector of fixed angle, (b) neutral tint glass, (c) finely divided carbon 
suspended in a gelatine film, (d) finely divided silver in gelatine produced 
by @ photographic process, (e) glass coated with smoke from burning 
camphor, (f) reflection off a single surface of a glass plate. Every 
method except (a) suffers from the disadvantage that the absorption 
is not the same at different parts of the spectrum. In the case of (a), 
however, the method rests on the validity of the Talbot Plateau law 


which states that momentary stimuli have the same visual effect as 


if the amount of light had been uniformly distributed over the whole 
period of time. It is doubtful whether this is the case at medium 
intensities, and it is certainly not the case in high and low 
intensities (4); (f) would therefore appear to be preferable to the other 
methods, for although the _—? of the reflected - varies, yet 
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Fig. 2. ES, curved eye-slit; GP, glass plate micrometer; T, telescope; RP, constant 


deviation prism; WD, wave-length drum; Y, diamond shaped prism; Z, trapezoidal 


prism; C and C’, collimators; 8 and 8’, slits of collimators; M and M’ co-ordinating 


 Jenses; A, wedge trough; B, compensating trough; L and L’, focussing lenses; 


IP, inclined plate; X, reflecting prism ; PC, Petzval condenser; N, Nernst lamp. | 
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the: variation obeys a known law. It is only possible to obtain one 
definite intensity which is approximately ,, of the light incident on 
the plate.. The plate itself is an optically worked slab of glass to the 


_ back of which is cemented with dammar xylene a weak prism (approxi- 


mately two degrees). This causes the light reflected off the lower surface 
of the plate to be deviated to one side of that reflected from the upper 
surface. That reflected from the lower surface is alone allowed to pass 
into the instrument and in this way one avoids the duplication of the 
image which would otherwise occur. | | 

_ The reason for cementing a weak prism on to the plate instead of 
grinding the plate itself to form a prism is in order to compensate for 
a second cemented surface which is traversed by the light to the other 
collimator. The plate is placed at an angle of 45° with the collimator 
axis and thus the light deflected through 90°. The one criticism that 
might be made to the use of the inclined plate is that the reflected light 
is partially polarised and is therefore open to the objection pointed out 
by Twyman(5), namely, that the constant deviation prism also acts 
as @ polariser and therefore tends to change the intensity of the light 
of different wave-lengths. It was found that the error introduced by 
this polarisation could be avoided by calculating the intensities of the 
two component beams, by means of Fresnel’s equations for different 
parts of the spectrum. The ratio of the intensities of the beams 
passing along the collimators varied slightly therefore with the wave- 

length: If a quarter wave plate of mica be inserted between the con- 

stant deviation prism and the inclined glass plate, the linear polarisation 

produced by the prism should according to theory be changed to 

circular polarisation which should have no effect on the intensity of 
the beam reflected by the plate. This method has not yet been tested 
in the spectrophotometer, but it may be found to give complete correc- 

tion of the effects of polarisation. The instrument is shown diagram- 

matically in Fig. 2a. It consists of a constant deviation spectroscope 

by Hilger to which two collimators and accessory apparatus have 

been added. Light from the collimators is combined to form a single 


field by means of a combination of prisms to be described. Both 


collimators have adjustable slits the images of which can be made to 


- accurately coincide at the eye-piece end of the telescope. With the 


constant deviation prism in place two exactly similar spectra are found 
in which waves of similar length are superposed. The eye-piece con- 
sists of an adjustable curved slit and on this the focussed images 


of the spectra are formed, a narrow band of the spectra is therefore 
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transmitted to the eye, the rest being obstructed. The eye-slit is curved 
to correspond to the curvature produced in the spectra by the constant 
deviation prism. The eye, therefore, on looking through the eye-piece 
slit sees a large circular field lit by light which corresponds to this 
narrow band; a part of this field receiving light from one collimator — 
and the rest from the other, the plane co-ordinate to the retina thus 
contains the reflecting prism as was the case with Maxwell’s(6) 
colour box and Kénig’s spectrophotometer(’). 

In this way the difficulty is avoided that is met with in the usual 
forms of spectrophotometer (Vierordt’s, Hufner’s, Nutting’s), namely, 
that the plane co-ordinate to the retina contains the focussed spectra. 
The field therefore has to take the form of a narrow slit for otherwise 
the two sides of the field differ noticeably in colour and intensity. This 
narrow field is divided transversely into two or more parts which 
alternately receive light from the two collimators which have to be 
matched by the eye. But the narrowness of the field and the smallness 
of the point of junction make accurate matching exceedingly difficult, — 
while the use of a wider field is inadmissible, as indicated above. The 
. special prisms by means of which the two beams from the collimators 
_ are brought on to the optical axis of the refracting prism and telescope 
are shown diagrammatically in Fig. 3. They are a diamond-shaped 


_ ‘Fig. 3. ¥, diamond shaped prism; Z, trapezoidal prism; F, appearance of field. 


prism Y and a trapezoidal prism Z of the same glass, and of such length 
that the total thickness of glass traversed by the rays from the colli- 
mators are equal. Two methods of preparing the prisms may be used 
in order to form the comparison field; the first method is by silvering 
the lower surface of prism Y and removing the silver in the areas where 
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light from the lower collimator is required to pass, the second method 
is to etch shallow areas on the corresponding face of prism Z by means 
of strong hydrofluoric acid. The unetched portions are then thinly 
coated with dammar xylene, which is allowed to dry. Thus when 
Y and Z are mounted in contact under pressure and warmed the 
unetched faces come into optical contact. Be 
The shape of areas forming the field consisted of narrow horizontal _ 
strips 2 mm. wide; the reasons for this form of field will be given later. 
_ As the light leaves the upper collimator, therefore, it enters prism Y, 
normally and being internally reflected at its upper surface passes 
vertically downward and reaches the interface between Y and Z. 
Where the prism surfaces are in optical contact it passes on undeviated 
and is lost, whereas where the surfaces are not in contact it suffers a 
second tefléction and passes on parallel with its original path towards 
the eye-slit. The light from the under collimator on the other hand 
passes normally into prism Z and arriving at. the interface is totally 
internally reflected at the spaces, but is transmitted undeviated where 
the prisms are in contact. The field is therefore built up of strips 
2mm. wide which lie horizontally, and alternate strips receive light — 


from the two collimators. 


- There are other ways in which the field could be subdivided, but 
this arrangement has advantages which others do not possess. The 
field being finely divided, the eye does not select one part for attentive 
examination as it would if the field consisted of two parts; it tends 
rather to judge the field as a whole; the effects of fatigue are therefore 
uniformly distributed over the retina and not localised as in the half 

shadow or bull’s-eye type of field. | 
‘When two fields are nearly of the same intensity under certain 
circumstances simultaneous contrast very greatly increases the apparent 
difference between thems). Important conditions are: (a) that the 
total line of junction between the two parts of the field should be big 
compared to their area, the field should therefore be subdivided into 
small strips, squares or a mosaic; (b) that the lines of junction should © 
be infinitely narrow. In order to obtain this, considerable care has to 
be taken when mounting the prisms Y and Z in contact. The edges 
of the etched areas must be sharp and clean; the least amount of — 

dammar should be used that will allow optical contact to be obtained ; 
(c) that the lines of junction should be sharply focussed. Now, as is 
well known, diffraction at a narrow slit causes lines parallel with itself 
to lose definition, but does not affect those at right angles. Since 
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the eye-piece slit in this spectrophotometer lies vertically, the field 
must therefore consist of narrow strips which lie horizontally. 

I have described the appearance of the fields as if the sets of strips 
were uniformly illuminated from side to side. Such is not. the»case 
with the strips illuminated by the upper collimator, for the illumination 
is brighter on the right hand side than it is on the left. This is due to 
the fact that the rays which illuminate the centres of the strips pass 
through a different thickness of pigment to that which illuminates the 
edges; the right hand edge traverses a less thickness and the other a 
_ greater. If the trough be so placed that illumination of the strips be 
equal at the centre, then they will appear unequal on either side, and as 
the wedge trough is moved the band of equality will appear to shift 
in the opposite direction.- By adjusting the trough so that the band 
of equality corresponds to the centre of the field, greater accuracy is 
obtained by this than by any other method I have tried. Now in order — 
for the band of equality to appear of the same width at all positions 
of the trough it is necessary for the compartment containing the pigment 
to be nearest the collimator slit, for then the rays illuminating the 

, edges of the field form similar 
‘triangles with that. illuminating 


the centre, at all positions of the 

ee trough and therefore the ratios 

between the thickness of the pig- 
| Y ment are constant at all positions 
! B c \ of the trough. Fig. 4 may help 


to explain this. It will be re- 
It will be seen that since right and left Ment nearest to the slit also 
hand rays form equal angles with central avoids the effects of anomalous 
beam, of dispersion as described above. 
shia Be” The paths of the rays from the 
light source to the eye can now be 
traced. The light was obtained from a single Nernst filament of high 
power and was first received by a Petzval lens which rendered it parallel. 
The beam then passed horizontally on to the inclined plate described | 
above, by which it was split into three beams, one of which passed 
straight on, the other two being reflected downwards on to either a 
right-angled glass prism X or a silvered mirror placed at 45°. The 
glass prism X is used where the strips into which the comparison field 
is divided are obtained Y internal reflection. The size of the prism X 
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- js then so adjusted to the sizes of Y and Z that the total thickness of 


glass on the paths of the two collimators is the same. The silvered 
mirror is used where the strips are obtained by silvering the interface — 


-and then removing the silvering where necessary. The mirror and 


the prism face are silvered in the same solution at the same time in 
order that any peculiarity in the reflecting power of the surface for 
different parts of the spectrum may be compensated, since the plate 
reflects the light passing through one collimator and the prism that 
passing through the other. The beam from the lower surface of the plate 
having entered the prism normally was internally reflected and emerged 
parallel to its original course, to fall on an achromatic lens L by which 
a magnified image of the filament was formed on the slit of the lower 
collimator. The beam reflected downward from the upper surface of 
the plate was similarly internally reflected, but since it deviated from 
the first formed an image to one side of the slit and was lost. The 
direct beam transmitted by the plate fell on a second lens similar to 
L by which the image of the Nernst filament was formed on the slit — 
of the upper collimator. See Fig. 2b. In front of both collimator 
slits were similar lenses, M and M’, which caused the anterior focal 
plane of the condenser to be co-ordinate to the interface of the prisms 
Y¥ and Z, and at the same time caused the rays illuminating any one 
point of the interface to pass as a parallel bundle between the lenses 
Mand L(M' and L’). This allows long troughs to be used if the investi- 
gation of a considerable thickness of pigment is required. _ 

The troughs placed between the lenses therefore transmitted parallel 
rays, the wedge trough A those to the upper collimator, the compensating 
trough B those to the lower. By adjusting the positions of the inclined 
plate and the right-angled prism X similar parts of the images of the 


_ light source can be made to illuminate the slits. The beams transmitted 


will then have the same intensity ratio from part to part and also be 


_ in the same phase. This adjustment being once made is not disturbed 


by small chance movements on the part of the Nernst filament. 

This method of focussing the images of the filament on to the slits 
of the collimators and the use of a low extinction factor (¥,) causes 
the illumination of the comparison field to be very intense. The absence 
of double image prisms, biprisms and the like, and the extreme simplicity 
of the optical system in this spectrophotometer reduces the loss of 
light to the smallest possible amount. This allows very fine slits to 
be used in both collimators and eye-slit without causing the illumination 
to be too greatly diminished. very pure spectra are therefore able to 
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be employed ‘and as a result over-lap is reduced toa minimum. The 
absorption ratios therefote more closely represent the true ratios for 
the pigment than those obtained with other spectrophotometers in 
which the over-lap is greater. 

_ The wave-length of the light is changed in the way described above 
by rotating the turntable on which the special constant deviation 
Hilger prism is mounted. This movement is comparatively coarse, 
the drum graduations differing by 10 Angstrom units. When, therefore, — 
the absorption factor varies rapidly with small change i in wave-length - 
an additional device is employed which consists of an optically worked 
plate which is mounted between the object-glass of the telescope and 
the eye-piece slit. This is fixed to a‘small rotating table, the position, 
of which can be read off on a tangent scale. — 

_ The change in wave-length, other things being equal, depends on 
the thickness of the plate; the one here used causes a total deflection 
of 50 a.u. which can be read to-1 a.v. The advantages of a micrometer | 
of this kind as a means of changing wave-length has been pointed out 
elsewhere (3). 

On examining the paths as a whole selon by the beams from the 
light source to the eye, it will be observed that there is a very high 
order of symmetry between them. Not only are the effects of reflection 
and loss of light due to other causes at the surfaces of the troughs 
compensated, but also compensation has been carried out in the entire 
instrument. Firstly, the light comes from the same part of the light 
source and from the same parallel beam of light. Secondly, the total 


amount of glass and the total number of surfaces is the same in both — 


cases, Thirdly, each part of the optical system on one path has its 
exact counterpart on the other. Change in the intensities of the beams — 
can only be due therefore to change in the intensity of the light reflected — 
by the inclined plate (which change is a very small fraction of the whole) 
and that due to change in the absorption of the pigment. 

There are several other ways in which the parts described above 
can be arranged to form a spectrophotometer, without sacrificing any 
of the principles that govern the design of such”an instrument. The 


arrangement described and illustrated can be modified therefore to 


suit: special investigations, or to accommodate additional apparatus. 
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SuMMaRY. 
In designing spetrophotometer the following potulates mast be 


attended to: 
| (1), The field should subtend @ considerable angle at 
the retina. 

(2) The field should of constant throughout the 
observations. 
he (3) The whole of the field should be lit by light of precisely the 
a same waves in the spectrum. 

(4) The whole of the field should be lit by light from the same part 
of the light source. 

(5) The light ifaminating any one part of the field should have 
passed as a parallel beam through the solution of the pigment. 

(6) The parts of the field should be sharply focussed, should show 
no structure when the intensities of the parts have been made equal 
and the length of the contour between the parts should be large com-. 
pared to the total surface of the field. 

(7) The spectrophotometer should be compensated against instru- 
mental errors, and against the effects of surface reflection and against 
absorption caused by solvent and other bodies in solution with which 

the pigment is associated. 
, A spectrophotometer obeying these postulates is described. ‘The 
intensity i in the comparison beam is reduced by surface reflection at 
an inclined glass plate. The Absorption Relation is therefore measured 
i at constant intensity, by changing the thickness of the layer of pigment 
| traversed by the beam of light. The thickness is changed by means 
of @ graduated wedge shaped trough, errors being compensated by the 
use of a second trough of special construction, through which the light 
| the beam passes. 
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ON THE REACTION OF BILE. 
By SEIZABURO OKADA (Tokyo). 


(Prom the Inte of Physiology, University College, London.) 


Wir regard to the chemical reaction of bile from the gall-bladder 
there are various contradictory statements. This is probably due to 
the variety of methods used. Most investigators have made use of 
titration. Thus, Neumeister(1) states that the reaction of bile is 
alkaline and that it contains about 0-2 p.c. sodium carbonate and about 
the same amount of alkaline-reacting sodium phosphate. He does not 
state whether he refers to the bile from the gall-bladder or from the 
liver or to both of them. Jolles@) observed that the bile from the 
gall-bladder of oxen, pigs, dogs, as well as of men, reacts always acid 
to phenolphthalein and that the acidity of human bile is much stronger 
than that of oxen, pigs and dogs. Chittenden and Albro(s) measured 
the amount of alkalinity of bile, using lacmoid as an indicator, and also 
its acidity, using phenolphthalein as an indicator. They found this 
so-called alkalinity and acidity in various kinds of bile except rabbit’s 
bile, in which no measurable amount of acidity was found. Pisenti (4) 
found bile from a fistula to have an alkaline reaction, Brand (5) a neutral 
or alkaline reaction. Quagliariello(é) measured the bile from the 
gall-bladder of various animals (dog, rabbit, peacock, ox and sheep) 
with the hydrogen-electrode method and found that the H’-ion con- 
centration of it is 0-129 — 3-04 x 10-7. As to the reaction of bile from 
the liver I have found no exact data. : Bas 

Methods. 1 measured with the hydrogen-electrode the reaction of 
bile from permanent fistule in two dogs under various conditions. 
Dog A was provided with @ complete fistula (the same dog as that 
called Dog E in my paper “On the Secretion of Bile’’(7)), Dog B with 
an incomplete fistula (the same dog as that called Dog B in my paper 
“On the Contractile Movement of the Gall-bladder”(s)). I also 
measured the bile from the gall-bladders of various animals. 

The following apparatus was used: (a) Luther's capillary electro- 
meter (closed form), (6b) Weston-standard cell. (c) Accumulator, 
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partly discharged, as the working cell. (d) Measuring wire, consisting 
of a one metre long nickelin wire, graduated in millimetres and provided 
with a sliding contact. (e) Gas-chains. (i) Gas electrode, similar in 
principle to that of Hasselbalch(9), with a capacity of 10c.c. of 
which the liquid fills about 7.c.c. As electrode was used platinum wire 
instead of platinum plate, which was platinized in the usual way. 
. (ii) Calomel electrode, with N/10 KCl. (iii) Intermediate a con- 
sisting of saturated KCl solution. — 

_ In measuring the H’-ion concentration hydrogen gas was first passed 
through the electrode for 30 minutes. The gas was produced in a 
Kipp’s apparatus and washed with 2°/, permanganate solution and 
saturated mercuric chloride solution. Then the bile was introduced 
into it by means of a funnel, avoiding every possibility of mixing with 
air, After closing all taps, the electrode was turned over some 200 
times, and then its siphon was dipped in the saturated KCI solution. 
After the potential had become constant, the liquid was renewed two 
or three times, without changing the gas, and the measurement repeated. 
‘But all the values agreed so well with each other that the change 
of the liquid was afterwards omitted. This is perhaps owing to the 
fact that the electrode was filled with liquid as far as possible, so that 
the gas-space was relatively small. Probably also bile does not deliver 
much carbon dioxide into the gas-space.. The correctness of the 
electrodes was often tested with standard solution. The bile was kept 
closed from air and was measured as fresh as possible, otherwise the 
value of H’-ion concentration was found to be subject to change. 


_ 1. H-ton concentration of the bile from the gall-bladder. : 

I measured the values of H'-ion concentration of the bile from the 
gall-bladder in a series of animals (dogs, oxen, cat, sheep) and obtained 
variable results. The hydrogen ion exponents were between 5-33 (cat) — 
and 7-47 (ox), the H’-ion concentration therefore being between 
4-7 x-10-* and 3-4 x 10-8, that is to say, the bile from the gall-bladder _ 
may be acid, neutral or alkaline. This variability also exists in different 
individuals of the same species, and would, no doubt, be more con- | 
siderable if it were measured in more animals. It seems to be connected 
with the condition of the animals; in fasting the reaction is more acid 
than after feeding. Whether this variability has any relation to the 


species of animal should be determined by testing various animals — 
under the same conditions. The dogs and cat which I used were almost 
in a fasting condition. 
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detail of are given in tho following table: 
Tama I. Bile from gallbladder. 


Number Animal 
Dog BO 632 
” 210 6-74 
245 6:32 
5 » 28 680 

6 220 B75 

7 ” 218 6-93 
8 ” 23-8 6°15 

9 » 697 
10 20-5 6-97 
gg 250 5-78 
» 230 661 
14 200 6-39 


Number Animal . 
2 
” 
5 
1 Cat 
» Sheep 
3 
5 ” 


22-0 
220 
22-0 


210 


23-8 


T."C. 
23-6 


2. H'-4on concentration of bile from liver during fasting. 


In the two dogs the hydrogen ion exponents were between 7-41 and 
8-14, that is, the H’-ion concentration is bétween 3-9 x 10-* and 
2 x 10, The average H’-ion concentration is 1-5 x 10-8 at — 


Taste JI. Bile from liver of fasting dogs. 
Number 


Number Animal 
1 Dog A 20-5 
24-5 
21-0 
8 23-5 
Dog B 
Dog A 240 
8 DgB 210 


3. H-ion of bile from liver during digestion. 


9 
10 
12 
15 
16 


233 
233 783 
250 7-463 
47 
215 7-95 
28 813 
212 
60 


The hydrogen ion exponents of the bile from the liver after heating 
with meat, biscuits and fat were between 7-54 and 8-01, that is the 
H’-ion concentration is between 2-9 and 1-0 x 10-*, The average H’-ion 
concentration is 1-5 x 10-® at 22-4°C. No — difference is 
seen with various Kinds of food. 
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Number Food TSO. Number Avimal Food 
DogA- Mest 230 7-91 13 DogA Meat 2356 7-98 
” 210 7-73 16 ” 23-0 7-12 
» 210° 7-68 218 7-86 
» 787 | 20  ,, Biscuits 238 7-64 

DogA 218 7-95 


From the above results it is evident that the reaction of the bile 
from the gall-bladder and from the liver is different; the reaction of 
- the former is more variable and always inclining more to the acid side 
than that of the latter.. To test this fact on the same animal by 
estimating each kind of bile separately, the cystic duct was first ligated 
and the gall-bladder taken out. A cannula was then inserted in the 
common bile-duct and after introducing 0-4 °/o HCI solution into ‘the 
duodenum, the outflowing bile was collected in an Seenceniee bag, 
The result is as follows: 


Gall-bladder 21 | 
Liver... 8-10 
rear 2. 20 6-39 


The bile from a te Deine the red lacmoid paper into blue 
before the introduction of acid into the intestine, while the bile from 
_ the gall-bladder merely changed it into yellow. 

‘The fact that bile is, in so many animals, poured into the intestine 
by an orifice common to it.and the pancreatic Juice and that. these two 
fluids cooperate in their actions on the ingested food-stufis, suggest 

that they must have a reaction which is optimal for their action in the 
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processes of digestion. Auerbach and Pick(0) found the H’-ion 
concentration of pancreatic juice to be 0-2—5 x 10-*, that of intestinal — 
juice 0-5—5 x 10-*, But these authors used a method which neglects 
the escape of carbon dioxide, so that the value should be a little higher, 
i.e. nearly 2 x 10-* for both fluids. Kurt Meyer(11) found the optimal 
point for trypsin to be 1-0 x 10-*, Michaelis and Davidsohn(12) 
2-0 x 10-8 at 37° C., Rona and Arnheim (13) that of erepsin 2-0 x 10-*, 
Davidsohn(i4) that of pancreatic lipase 1-0 x 10-8. The result of 
my research on the bile from the liver during digestion is on the average 
1-5 x 10-8 at 22:4° C., which may be estimated to become 2 x 10-* at 
37°C. Therefore it corresponds exactly with the reaction of pancreatic 
and intestinal } juices and with the optimal point for trypsin, pancreatic 
lipase and erepsin. The bile from the gall-bladder, which has usually 
a higher H’-ion concentration, might be poured out into the intestine 
at the beginning of digestion, so that afterwards at the height of — 
the freshly secreted bile may be mainly in action. 


SUMMARY. 


1. The reaction of bile from the gall-bladder is variable; : it may b be 
acid, neutral or alkaline. _ 

_ 9. The reaction of bile from the liver is alkaline, its H’-ion concen- 
tration is 1-5 x 10-* at 23°C., a reaction which turns red lacmoid blue 
but does not turn phenolphthalein red. 

8. The reaction of bile from the liver during digestion corresponds 
to that of pancreatic and intestinal j Juices and with the ica point 


_ for trypsin, pancreatic lipase and erepsin. 
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THE ACTION OF BARIUM CHLORIDE | ON THE 
VASCULAR SYSTEM. A CONTRIBUTION TO THE 
STUDY OF THE ANTAGONISTIC ACTION OF 
NICOTINE AND CURARE, By Ff. P. 


(From the Physiological ond Pharmacological Laboratories, 
Glasgow University.) 


our experiments?) on the causation of the rise of 
blood-pressure following the administration of carbon dioxide we 
naturally considered some of the other substances which are known to 
produce a rise in blood-pressure, We selected barium chloride for 
further consideration as it is generally maintained that it acts directly 
on muscle substance. Dixon() for example states “so constant is 
_ this effect that barium can be employed as a test for the presence of 
muscle fibre in a tissue.” A study of the previous literature is not, 
however, entirely convincing, It seemed to us that if it could be 
definitely established that the action of the barium chloride is directly 
on muscle, this might afford us a definite foundation upon which to 
base deductions regarding the pressor, action of carbon dioxide. 
Previous work. There is quite a considerable body of literature on 
the action of barium chloride which has been fully dealt with up to the 
year 1903 in the monograph of Schedel(), In the present paper we 
will only concern ourselves with those investigations which bear directly 
on jts action on muscle and the vascular system, Thomson@) con- 
eluded that it acts directly on the musculature of the vessels, and this 
conclusion was supported by the observation of Kobert(4) who carried 


out perfusion experiments through the portal yein. Bary) perfused 


the small intestine and the kidney with a fluid containing barium 
chloride and found that there was a definite reduction in the rate of 
flow. He concluded nevertheless that, although the greater part of 
the action is on the vessel musculature, still the nervous system played 
some small part in the control of the vessels. Boehm) was unable 
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to draw definite conclusions from his experiments as to the mode of 
its action. He could not determine whether the results he obtained were 
due to the stimulation of the whole sympathetic system or merely to 
the specific stimulation of unstriped muscle. Ringer and Sainsbury (7) 
carried out a series of experiments in which they perfused the pithed 
tortoise through the abdominal aorta. They found that there was 
a distinct diminution in the rate of flow following the‘addition of barium 
chloride to the perfusing fluid. They concluded that the action was 

on the muscle alone on account of the fact that the animal employed — 
had its central nervous system destroyed. They unhesitatingly chose 

the latter of Boehm’s alternatives in their conclusions, t.e. that the 
action of barium is specifically on unstriped muscle tissue. Incidentally 
it may be remarked these authors state that they were unable in their 
experiments to influence the calibre of the vessels through the nerves’ 


apart from direct local action. Schedel (l.c.) as the result of his 


experiments subscribes to the view that the rise in blood-pressure is 
due to the direct action of the barium chloride on the vessel musculature | 
and is independent of any vaso-motor centre. Dixon (1.c.) also believes 
that the pressor action is of peripheral muscular origin. He states 
that even the vessels of the lungs and the brain which are generally 
considered to contain very few vaso-motor nerve endings constrict 
after the administration of barium chloride. 

As regards the action of the barium chloride on the heart all siithenes 
are more or less agreed that, in the case of the isolated frog heart, at 
first. it increases the intensity of the cardiac contraction then lowers 
its frequency and finally stops the heart in systole. In the mammalian 
heart the final cessation in systole is not such a marked feature. 
Schedel thinks that this action is due in part to the stimulation of 
the peripheral vessels and in part to the stimulation of the cardiac 
musculature itself. Dixon finds that in the case of the frog the 
ventricular systole is at first prolonged and then the relaxation 
becomes less and less with final cessation in systole. In the case of 
mammals the ventricular systole is more complete and the relaxation 
less; with a very large dose constriction of the coronary vessels _— 
place and the mammalian heart stops in systole. 

As regards the action of barium on voluntary muscle the 
of Brunton and Cash(é) that it produced a veratrine-like effect, an 
increase in the degree and duration of muscle contraction, has been 
generally confirmed. Schedel found a preliminary transitory increase 
in the ers craui of muscle which was followed si a distinct fall, ‘the — 
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rate of this fall depending on the degree of the concentration of the 
barium: the stronger the solution the more ‘rapid the fall. He carried 


out @ series of experiments on isolated muscle, in which he used the 
barmum chloride before and after curare, and concluded that the 
twitching (initial stimulation), which he got, was not, due to the direct 
action of the barium chloride on muscle substance but on the ends of 
the motor nerves, whereas the subsequent paralysis which succeeds 
the twitching was due to the muscle substance being acted upon. 
Dixon found an increase in irritability. He confirmed the veratrine- 
like action on voluntary muscle, -but found that non-striped muscle 
passes into a state of tonic contraction. This last effect. is welt demon- 


. strated im the emptying of the intestine which takes place in almost 


“= experiment in which barium chloride is used. 

resent Investigation. Methods, The methods which we employed 
in this investigation are similar to those already described by us(®). 
The barium chloride and other substances used were, injected through 
a cannula in the jugular vein, the dose given being washed in, in each 


case, with 3 c.c. of normal saline. The effect of three cubic centimetres — 


of normal saline on the blood-pressure and the heart was found to be 
negligible. The animals employed were rabbits and the great majority 
of the experiments were carried out on decapitated animals, as our earlier 
experiments i in 1913 had shown us that the effect of nicotine and curare, 
in so far as they affected the heart and blood- _—. was identical 


in the normal and the decapitated animal. 


Results. In the present series of experiments we have: ‘confined 


our attention solely to the effects of the barium chloride on the vascular — 
_ system. We found that this salt invariably produced a rise in blood- 


pressure, the extent and the duration of the rise depending within the 
limits of the dosage employed on the amount of barium chloride injected. 
In our earlier experiments we injected one or two c.c. of a 1 %/y solution 
and obtained very marked results, whereas in the later ones, as we wished 
to carry out experiments of longer duration, we reduced the dose to 
0-5 ¢.c. of 0-5°/, which produced-a definite but not too prolonged rise. 
The effect of the barium on the cardiac musculature was not so constant. — 
There was however a slight tendency to increase in amplitude, anda 
constant though transient rate, as 
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I. 


Normal asimal modertly Maly were injects 
into the jugular vein, After 


Before 20 nece. ston, 120 gece. 180 seca. nee. 

10.5 105 NO 00 nO 110 

Yentricle{3inmm. 33 17 3% 1 6 


Blood-pressure in mm. 63 135 «139 
Decspitated animal. 0:5c.0. of 0-5 barium chloride injected into jugular vein. 


. Before secs. 40 seca, 70 seca. 120 seca. 


Rate Auricle 


12 110 12:0 12-0 

Ventrsto 32108 no 120 120 
Amplitude Auricle Average of imperfect trace: lever caught 
~-‘Ventricle 3 in mm. 33 22 25 26 
Blood-pressure in mm. 39 42 41. 


After we had definitely convinced ourselves of the rise of blood- 
pressure following the injection of the barium chloride we attempted to 
influence this action and made the discovery that the pressor action, 

-which is inhibited by an injection of nicotine can be restored by a 
subsequent injection of curare, 
In our animals the effect of the injevtion of Lace..of 1%, nicotine 
tartrate! was to produce the characteristic initial rise followed by a - 
fall below the previous-level. A subsequent dose of barium chloride 
-« failed to produce @ rise in the majority of instances. It is true in a 
few experiments a very slight response was obtained, which, however, 
was never comparable with that obtained in the same animal with the 
same dose of barium chloride before the nicotine, Nicotine, therefore, 
either abolished or partially inhibited the pressor action of the barium — 
salt. If a dose of curare was now given (the dose we employed in the — 
majority of instances was -0054 gm., the preparation being that of 
Messrs Burroughs and Wellcome) and if this was followed by the 
injection of barium chloride the vascular response was found to be 
restored, In other words the antagonistic action of nicotine and curare 
put forward by Langley for skeletal muscle has been shown to hold 
2 We employed this preparation in the majority of our experiments as it was a readily . 


soluble salt which could be obtained pure and the solution of which did not seem to 
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good for the musculature of. the vascular system. The injection of 
the curare itself had as a general rule but little action. Sometimes, 
it is true, it was followed by a slow rise. As the rise always occurred 
in animals which had been already injected with barium chloride, 


particularly those in which the injections were given in fairly rapid 


succession, we believe it is due to the removal of the nicotine inhibition 
permitting the residual barium chloride to act. One point of consider- 


able interest is that the injection of the curare seems to render the 


-vaso-constrictor mechanism more sensitive, as we have noted in many 
experiments, although not in all, that a dose of barium given after 


the curare produces a more marked. effect than a similar dose given to 
the normal animal. We attempted to.elucidate this point by a series — 
_ of experiments upon the skeletal muscle of the frog but were unable to 


confirm it for this tissue, . We believe that this increase in the extent 
of rise of the blood-pressure, following curare, is not due to a cumulative 
actidn of the barium chloride, because in our experiments we found 


very little evidence of any such cumulative action. Repeated adminis- 
tration of barium chloride tends rather to give a diminished response 
on account of its toxic action. Of course with the dose, 0-5c.c. of 


0-5%, we employed, in rabbits of 1200 to 1500 weight, the 
toxic action was never a feature. — 


The only series of experiments, that we are aware of, in which. a 


similar series of observations were carried out are those of Edmunds 
and Rotho) on the action of barium chloride on the voluntary muscle 


_ of the fowl. They tried the effect of barium chloride, nicotine: ‘and ‘ 


curare on the gastrocnemius, and came to the conclusion that 
did not inhibit the barium contraction of these muscles, and furth 
that curare did not appear to influence the course of contraction | 
any way. 

In view of the regult obtained by Dixon that apocodeine tahibithd 
the pressor action of adrenalin, it was of interest to find if this drug would 


influence the action of barium chloride. The few experiments which — 


we carried out showed that 1 ¢.c. of 1 %/, apocodeine inhibited markedly 
although it did not abolish the action of 1 c.c. of 0-5 °/ barium chloride. 
This dose of apocodeine abolished completely the pressor action ‘of 
carbon dioxide, | 

The following protocols demonstrate the influence of nicotine sea 
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AOTION. OF BARIUM CHLORIDE... 


Deoapitated animal. 0-5 0.0. of barium chloride into jugular vein. 
Betore Bach, 40 secs. 60secs, 80-secs. 100 secs, 


Amplitude Auricle ) Averageof3con- 18 18 20 2 2% 

Ventricle} tractionsinmm, 66 63 7% 80 


‘Yas. by 660. of 65%), Halt, five later. 
Amplitude Auricle Averageof3con- 12 16 1B 
Ventricle} tractionsinmm. 53 42 8 61 4 #4 
Blood-pressure in mm. 33 35 «38 41 39 


0064 grm. curate dissolved in water, followed five minutes later by 
BaCl,. 
Rate Auricle in3 10 95 ll 
Amplitude Auricle ) Averageof3con- 85 9 5 3 10 14. 
Ventricle} tractionsinmm. 73 62 53 
Blood-pressure in mm. 36 40 «61 56 44 


Langleyan that the effect of nicotine on muscle 
is due to its action on the muscle directly and not on nerve endings, 
and that nicotine contraction is inhibited by curare. “Curare then 
must also have’an action on the muscle substance.” He believes that 
the only satisfactory explanation of this antagonism of nicotine and 
curare on muscle is by the supposition that both combine with the 
same radicle of the muscle. He allows, at the same time, that neither 
nicotine nor curare, given in the largest doses, prevent the contraction 
of muscle due to direct stimulation, and naturally deduces from this 
that, whatever the nature of the substance nicotine and curare combine 
with, it certainly is not with the directly contractile substance. Thus 
Langley was led to postulate the presence of a receptive substance 
in muscle. Fiihnera2) objected to Langley’s work on the ground 
that the so-called curare action might be due to the presence of potassium 
in the curate preparation used, but his objection has been met by the 
experiments of Boehm(3) who found that curarine also influences the 
nicotine contraction. Fihner, who carried out his experiments with 
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guanidine, which he asserts has a curare-like action, comes to the — 
conclusion that substances with: curare action influence the motor 


nerve endings. Edmunds and Roth (l.c.), who investigated the 
action of barium chloride on skeletal muscle, agree “with the generally 
accepted view of the action of barium as being possibly upon the 
contractile substance of the muscle cell, while the other drugs mentioned 
(i.e. curare and its antagonists nicotine and physostigmine) would act 
upon some other constituent of the cell, which might be the ‘receptive 
substance.’” Our experiments lead us to quite another conclusion, 


and we believe that the examination of the protocols will bear this 


out. Briefly stated we may say that, if the existence of a receptive 
substance in Langley’s sense be allowed, barium chloride, nicotine 
and curare all act upon this substance or upon various components of 
this substance, i.e. barium chloride would not seem to have a more 
peripheral action than either nicotine or curare. It must be admitted 


that there is an objection to this view, viz. that the barium stimulus 


to the contractile substance of muscle may be inhibited in some way 
by the nicotine, that is the nicotine ‘may prevent the barium chloride 


action indirectly, But against any such view is the fact that the 


subsequent administration of curare not merely antagonises the nicotine 
-, action but in all probability actually renders the muscle more sensitive. 
Of course it is possible in the case of the vascular musculature that 
there exists a local mechanism,—ganglia,—which -Tesponds to various 
stimuli. 

It is manifest from our experiments and those of many other 
_ investigators that as the blood-pressure after the injection of adrenalin 


will rise, even in a nicotinised animal, the point of action of adrenalin 


is presumably peripheral to or of another order to that produced by 
barium chloride. Further, as has already been mentioned, apocodeine 
in the few experiments in which we tried it did not completely inhibit 
the action barium chloride. 


CONCLUSIONS. 


(1). The observation of Langley of the antagonistic action of — 
nicotine and curare in skeletal muscle is found to hold good for visceral 
muscle of the arterioles. — 

(2) Nicotine completely abolishes or very definitely inhibits the 


rise of which the of barium 
chloride, 
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(3) The subsequent injection of curare restores and may even 
- intensify this pressor action of barium chloride. | 

(4) Barium chloride probably does not act directly on the con- 
tractile substance of visceral muscle. Be 

(5) Beirium chloride and adrenalin do not act upos identical oa 
of the muscle. 


Th tis vr tye tom Tro. 


| 1907. 
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‘THE EFFECT OF ISOTONIC RINGER SOLUTION © 
ON BLOOD CORPUSCLES. By F. H. SCOTT. 


(From the Physiological Laboratories, University College, London, 
the University of Minnesota, Minneapolis.) 


ieuses Ringer solution is supposed not to affect the volume of the — 
corpuscles and not to alter their composition. In his studies on the 
regeneration of blood after hemorrhage Inagaki@), working with 


Gtirber, observed that the blood corpuscles of the rabbit lost. protein 4 é 


(nitrogen) and contained a larger percentage of iron after the hemorrhage. 
In his observations all the nitrogen found was reckoned as protein. 
_ By counting the corpuscles and taking their bulk with the hematocrit: 
the volume per million was found to be less than before. His observa- — 
tions were made. mostly about five hours after the hemorrhage. — 
Inagaki explains his results on Bolr’s hypothesis of ‘several kinds — 
of hemoglobin and believes it is the globin part of the hemoglobin 
which passes into the plasma when the hemoglobin changes in its 
hematin content. Globin is stated to resemble albumin in its precipi- 
tation reactions and it is the albumin fraction which tends to increase. 
The idea of there being several kinds of hemoglobin has, I think, 
been completely disproved by Barcroft and his pupils, and there geems _ 
- no other reason for believing that the hemoglobin would disintegrate — 

and the globin leave the corpuscle. Inagaki was interested in the 
regeneration of the blood and does not discuss the problem ds to why 
protein leaves the corpuscle. If it does so there can be only one reason, 
and that is the dilution of the plasma which follows hemorrhage. 
If dilution of the blood upsets the colloidal balance between the corpuscle — 
and plasma and thus causes protein to leave the corpuscle it should — 
be capable of proof in vitro. The following results show that dilution 
of the blood does lead to an increase of the protein in the plasma. 

The general plan of these experiments was to dilute part of a 
sample of blood with isotonic salt solution and then get the serum 
or plasma from some more of the original blood and compare it 
with the serum obtained from the diluted specimen. The bloods 
of the ox and dog were used. The blood in most experiments was 
_ defibrinated but in some cases oxalate blood was used. The oxalate 
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blood was made by adding saturated potassium oxalate solution in 
the proportion of 5 c.c. to a litre of blood. The freezing point of the 
blood or its serum was determined and then part of it diluted with 
isotonic solution. The Ringer solution used in all cases, contained 
‘2 gm, potassium chloride, -2 gm. calcium chloride per litre and enough 


sodium chloride to make it isotonic. If oxalated blood were used it — 


was diluted with isotonic sodium chloride solution. In my earlier 
experiments the blood was measured in a standard volumetric flask, 
poured into a larger volumetric flask and the first flask repeatedly 


washed out into the second with isotonic: solution. In filling the 


smaller flask a pipette was used. The stem was lowered to the bottom 


_. of the flask so that no blood was adherent to the neck above the mark. 


When the first flask was washed free from blood the larger flask was 
filled. to the mark, shaken and allowed to stand for the desired time, 
when it was centrifuged. Owing to the opacity of the blood, it is hard 
to be certain within a drop of the exact amount. In order to overcome 
this difficulty, a three-way stopcock was fused on to a 50 c.c. pipette. 
The pipette was filled from one arm of the tap and when the blood was 
above the cock the tap was closed and then allowed to empty from the 
clean arm. This insured the same amount of blood being delivered 
in each case as it was allowed to drip the same length of time for each 
sample. The amount delivered was found by weighing the blood 
discharged after its specific gravity had been taken with a hydrometer. 
Extensive use has been made of this principle of getting exactly the 
same volume each time. Very convenient pipettes may be made from 
the three-way stopcock with the tap cut diagonally. After pulling 


_ out the single arm into a point, it may be filled from one arm of the 


double side and discharged from the other arm. The pipette may be 
washed through this clean arm also, thus getting rid of any trouble 
due to differences in viscosity—an‘important point when working with 
sera, some of which have been diluted with salt solution. The volume 
of the pipette may readily be determined by filling it with standard 
acid, ‘washing out and then titrating. 

In order to find exactly the dilution of the serum it is necessary 


to know ‘the ratio of corpuscles and plasma. This can be done with 


the hematocrit making use of Koeppe’s(2) observation that when 


_ the blood is really centrifuged there is no plasma between the corpuscles 


and hence no surfaces. The corpuscles therefore look dark and laked 

by reflected light and transparent by transmitted light. They are 

pressed into a solid mass. ‘Transparent, ungraduated tubes made from 
9 
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thick-walled capillary tubing of about 1 mm. bore were used. They 
were tested as to uniformity in bore. After the centrifuging was 
completed a clip was put on the tube at the upper level of the corpuscles. 
The length of the column of corpuscles was then found with a depth 
finder which by means of a vernier read into tenths of a millimetre. 
The hematocrits used revolved about 8000 revolutions per minute. 
It takes about fifteen minutes to completes the centrifugalisation of 
dog’s blood at this speed and longer for ox blood. | ; 

The method was tested by diluting blood with serum from another 
sample of the same blood. In all cases tested, the results were _— 
to agree closely. The following examples will suffice: | 
| 50.0. of dog’s defibrinated blood measured in a 5c.c. volumetric flask were poured i 
into a 10 ¢,c. volumetric flask and the 5 c.c. flask washed several times into the larger with — 
serum from another sample of the same blood. The 10‘c.c, flask was then filled to the 
mark and well shaken. The readings from the hematocrit were: 

Original blood length of column of corpuscled 17-9 mm., length of tube 39-3:mm. = 
45°54 °/, corpuscles. 
Length of column of of tube = 39-5 mm. = 45-56 °%/, 
corpuscles. 

Blood diluted equally with serum : 

(x2 = 46-8 */,), 
Length of column of corpuscles -0mm., length of tube 905mm. = 2278 
(x 2= 

were centrifuged after one another. Tn other cue 
tube was filled with the original blood and the other tube with blood diluted equally with 
serum. The results of one such experiment were: 


Original blood. Corpuscles = 18-6 mm. out of 38-8 mm. = 47-93%. 

Diluted blood. Corpuscles = 9-0 mm. ont of 40-0 mm. = 240°, (x 2= 48-0°%,). _ 

The above results, as well as many others, show that the method 
of diluting with volumetric flasks is accurate enough and that the 
- hematocrit values are accurate within about -1°,. The difficulty 
- came in adjusting the clip exactly at the top of the corpuscle column. 
_ Very few determinations were lost from leaky tubes. The arm of the 
hematocrit was altered so that the central socket could be screwed 
outward on a fairly long screw. Both the central movable socket and 
_ the stationary peripheral one carried leather wads covered with wax. 
Both ends of the glass tubes were ground flat and fitted snugly into 
the sockets. An error of +1%, is not sufficient to invalidate the results 
given below. 

The following experiments show the effect on the total neteogen in 
the serum of diluting blood with isotonic Ringer. 3 | 

1. Defibrinated ox blood. Two Gnterminations of its 
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point gave —-56° and — -b5°. The Ringer used for dilution froze at 
— °56°.. Thesamples were lifted with a 50 c.c. pipette with a three-way 
stopcock fused on to it. The pipette was allowed to drip the same length 
_ of time in all cases and was found to deliver 54-6 c.c. of blood. Eight 
samples were taken from a large bottle of blood which was stirred 
between each sample and the bottles containing the samples were 
kept stoppered. Ringer’s solution was added from burettes to the 
various samples, as nearly as possible, as follows: (1) None, (2) 2°73 c.c., 
(3) &46c.c., (4) 10-92c.c., (5) 27-3c.c., (6) 54-6c.c., (7) 1092 c.c., 
(8) 273c.c.. This was adding to the samples ,, ;1,, +, 4, equal, twice 
equal and five times equal volumes. The smaller amounts were added 
from a 10-c.c, verified burette reading twentieths and the larger from 
50c.c. verified burette reading tenths. The hematocrit showed 
335 °/, of corpuscles for the original blood. The sample diluted one- 
half showed 22-2 °/, corpuscles (theoretically a blood with 33-5°/, should 
give 22-3°/,). After the samples had stood in the stoppered bottles 
for half an hour they were put in centrifuge bottles which were also — 
_ stoppered and centrifuged at the same time in a large centrifuge. The 
serum was Cleaffin all cases. Samples of the serum were lifted with 
a three-way tap pipette which held 5:2.c.c. The samples were washed 
into the Kjeldahl flasks from the clean side of the pipette, which was 
washed and dried with alcohol and ether between each sample. The 
nitrogen in sera was estimated by the Kjeldahl method and in all cases 
in this and further experiments, was done in duplicate and repeated if 
there was more than -3 c.c, N/20 difference in the results. The original 
blood had 33-5 °/, corpuscles and therefore 66-5°/, serum. ‘Figuring on 
the basis of 100 c.c. original blood, the sample (2) to which ,, of its 
volume was added would have 66-5 +5=71-5c.c. serum. Similarly, 
the sample diluted one-half would now have 66-5 + 50= 116-5c.c. 
serum. The following table shows the results as a 100c.c. samples had 


Calculated for lent of 

Sample. Original ... ... 1065 x 665+52=139619 — 
Volameaddedy,... 99:2 715+52=13653 34 0-014 

x 6+52=18740 121 0053 . 

x 865+52=19724 105 


1165+ 52= 13823 204 0-089 . 
» equal 434 x 16656+62= 13896 27:7 0-120 
» twice 273 x 266-5 + 52= 1399-1 37:2 0-163 
, 


x 5665+ 52= 14162 443 0-194 
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132 A. seort. 
Exp. 2. Defibrinated ox blood. The samples ' were taken and 


diluted in the same manner with all the precautions outlined i in Exp. 1. 


The blood froze at — -535° and was diluted with Ringer A = — -54°. 
The hematocrit showed 36-4°/, corpuscles and therefore had 63-6 °/, 
serum. The sample diluted one-half showed 24-2°/, corpuscles 
(theoretical 36-4 would yield 24-2 also). The sample diluted with 


an equal volume showed 18-2°/, (theoretical amount from 36-4 would — 


be 18-2). Samples of the sera were lifted with the same 5:2 c.c. pipette 
as used above. The results are: 


c.c. N/20 Protein 
Calculated for of 
te nrogen cc. N/20 . gms. 
Sample 1. Original 89-8 x 636+ 562 = 1098-5 a — 
77-7 x 736+ 5-2 = 1099-7 1-2 005 
68-8 x 83-6= 5-2 = 1106-0 75 032 
51-2 x 11386+52= 11185 200 087 
» equal 35-4 x 1686+52= 1115-2 16-7 073. 
» twice 22-3 x 2686+ 5-2=1131-4 32-9 “144 
equal | 
301. 


‘Volume added five 10-77 x 563-6 + 68-8 


The blood of Exp. 1 contained 33-5 parts corpuscles and of Exp. 2 
36- 4 parts. If we take the fivefold dilution and reckon for 100 c.c. 


of corpuscles we find that the amount of nitrogen yielded by that amount 


of corpuscles to the serum in the first experiment would be equivalent 


to 132:2.¢.c. .N/20 = 0:579.gm. protein and in the second 


187-9 c.c. N/20 = 0-827 gm. protein. 
Exp. 3. This was carried out with dog’s defibrinated blood and 


slightly hypertonic Ringer was purposely used for its dilution. The 
blood froze at — -575° and the Ringer at —-63°. Samples were taken 
as in the two above experiments and diluted with the same care. The 


original blood contained 42-3 °/, corpuscles and therefore 57-7 °/, serum. 
The blood diluted had 40-0°/, corpuscles (theoretical 40-3, if no 


change in volume). The blood diluted one-half 27-85%, corpuscles 


(theoretical 28-2°/,) and the blood diluted equally 20-65%, (theoretical 
21-15). The above results show that fluid was abstracted from the 


.corpuscles, but in the calculations below no account has been taken of 


this excess amount of fluid. Thus the serum from the blood to which 


' dy of its volume had been added is figured as being 62-7 ¢.c. (57-7 + 5) 


Instead of 63 c.c. (60 °/, of 105) as the hematocrit showed. The samples 


are: 
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N/20 H,80, Protein 
equivalent to equiva. 
ammonia yielded lent of 
the nitrogenin serum of 100 cc. blood, increase. 
‘2 c.c. of serum c.c, N/20 gms, 
Sample 1. Original ... . ... 51-06 x 8663 — 
2 Volume added ¥,... 47-2 x 62-7+3-4= 870-4 41 ‘O17 
3. 438 x 67-7+34= 872-1 5-8 025 
3807 8 8 x 777+34= 8700 3-7 016 
27°77 x 107-7+34= 8796 13-3 058 
» equal 19-1 x 157-7+3-4= 885-9 19-6 085 
» twice 12-1 x 257-7+-3-4= 9159 49-6 ‘217 
equal | 
» 8 Volume added five 5-72 7+34= 716 314 
times equal 


9. Volume added eight 4-15 x 857-7 + 3-4 = 1046-6 180-3 “792 
times equal 


~ At fivefold dilution 100.c. of corpuscles would yield to serum — 
nitrogen equivalent to 169-2 o.c. N/20 = 0-742 gm. protein. Two other 
experiments with dog’s blood at dilutions of 7 yielded an increase of 
7-9 and 3-0c.c. of H,SO, N/10 for the ammonia from the nitrogen in 


the diluted sera calculating for 100c.c. of blood. 


The experiments carried out on blood diluted with an equal volume 
of isotonic solution by means of volumetric flasks gave the following 


results are calculated for c.c. of 


298 

» ° oxalated, 3 exps 48 209 
Dog blood, defibrinated, 9 exps | : 47 205 
»  oxalated, 3 exps 41 182 


solution was used to the defibrinated blood and sodium 
chloride the oxalate blood. The oxalate blood was made by adding 


saturated potassium oxalate in the ratio of 5c.c. per litre. 


The above results are not due to any increased laking caused by the 
salt, solutions. In many cases a spectroscope had to be used to deter- | 
mine the presence of hemoglobin in the samples. This was especially 
true.of the oxalate samples. There was a greater tendency to lake 
in the undiluted blood than in the. diluted specimen. Two or three 
bloods were commenced but laked so badly on standing that the experi- 
ments were discontinued. The above results were obtained on clear 
sera or plasma. The results can only be interpreted as indicating that 


dilution of the medium upsets the balance between the corpuscle and 


nitrogenous substances diffase out of the 
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An attempt has been made to determine the nature of the nitrogenous 


body leaving the corpuscle. Inagaki observed that the albumin fraction 
of the proteins of the serum tended to increase after hemorrhage. This 


is what most other observers have found. The proteins of the serum — 


were fractionated in a number of cases in the serum obtained from the 
undiluted and the diluted blood by means of saturated sodium sulphate 
solution at 36°. The nitrogen was estimated in the filtrate. In all 


cases the serum obtained from the original blood was diluted before — 
precipitation so that it would have approximately the same concen- — 
tration of protein as the serum obtained from the blood diluted with 


the corpuscles in it. The following protocol will serve to show this. 
Exp. 1. To 200c.c. of dog’s blood removed from the carotid, 


added 1 c.c, of saturated potassium oxalate solution. The hematocrit — 


showed 45-3°/, corpuscles and therefore 54-7°/, plasma. The blood 


froze at —-59°. 50 c.c. of the blood were diluted to 250c.c. in 


volumetric flasks with sodium chloride solution, the freezing point 
of which was — -60°. The bloods were allowed to stand for two hours 
when they were centrifuged. Diluted 15¢.c. of the plasma from the 
original blood to 125¢.c. with similar sodium chloride solution used 


for diluting the blood. 10 c.c. samples wére taken for Kjeldahls. 


With the same pipette (cleaned and dried between each sample) 30 c.c. 
of each of the plasmas were taken and put into bottles which were 


tightly stoppered. The bottles along with the pipette were put-into — 
an incubator room at about 35°. A bottle of sodium sulphate solution 


saturated at that temperature was kept in the room. When the 
pipette was warmed, 30 c.c. of the sodium sulphate solution were added 

*to each sample. The bottles were shaken and let stand, tightly corked, 
till next day when the solutions were filtered. The filtrate was clear 
in all cases, The same 10c.c. burette was used in taking the samples 
for the Kjeldahls. It was warmed to incubator temperature before 
using and the solutions were exposed to the air just as little as possible. 
The ammonia yielded by the nitrogen in the various samples 


Plasma from the original blood (diluted 15-125), 86, 8-5, average 85 c.c. N/10 H,80,. 

Plasma from the blood diluted five times, 8-7, 8-7, average 8-7 N/10 

Filtrate from original plasma (diluted 15-125) after precipitation with the sodium 
sulphate, 2-5, 2-6, average 2°55.c.c. N/10 H,S0,. 


Filtrate from the plasma of blood diluted five times after precipitation with the sodium 


sulphate, 2-6, 2°7, average 2-65 c.0, N/10 H,SO,. 


_ Taking this nitrogen in the filtrate as the albumin fraction the 
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globulin fraction may be calculated by the difference. The results 
come out: 
Diluted plasma... 60-9 


‘There is an increase in the albumin fraction and a decrease in the 
globulin fraction. One.can better follow what has happened if one 
calculates out as if 100c.c. blood samples had been taken. This can be 


done by using the same reasoning as used in the first part of this paper. 
The results of these experiments are given in Table I. The above 


experiment is No. 1 in the table. © means the blood as it was obtained, 


and D. the blood diluted with the corpuscles in it and then —_e 


and the figures following the amount of dilution. 


An examination of the table will show that there is an increase of 


‘total nitrogen (columns 7 and 8) as a result of dilution, as in the previous 


experiments. The increase nitrogen is not precipitated with an equal 
volume of saturated sodium sulphate at 35° and hence the albumin 
fraction tends to increase (columns 9 and 10). If the globulin is not 
affected the total amount of it should not be altered. A glance at — 
columns 1] and 12 will show that this is true within the limits of error. 
tm the total gobulin in three cases and 
slight decrease in five cases. 

The table shows that the so-called albumin fraction. tends to 
increase. Since these fractions were determined by estimating the 
nitrogen in the filtrate the non-coagulable nitrogen must be considered 
before saying positively it is albumin. This was done in Exps. 5, 6 


and 8 by adding an equal volume of 10°), trichloracetic acid and esti- — 


mating the nitrogen in an aliquot part. of the filtrate and in Exps. 6, 7 
and 8 by boiling after the addition of acetic acid. In the trichloracetic 
acid experiments 300 c.c. of the same solutions as used above were taken 
and 300 c.c. trichloracetic acid added. 150 c.c. were used to estimate 


the nitrogen of the filtrate. After boiling, the precipitate was well 


washed and the filtrate made up toa definite volume. The results 
of these experiments are given in Table II. 

The table shows that the non-coagulable nitrogen does tend to 
increase slightly but not nearly enough to correspond to the total 
increase found asa result of dilution. The results given in the two tables 


can only mean that the nitrogenous body or bodies leaving the corpuscle 


is chiefly ee protein of an albuminous character. Exps. 5 
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c. N/10 
as a result of 
Table I for : 


408 11-4 2-4 
BO 10-6 0-6 17-0 (207 
_ Boiled instead of being ppted with trichloracetic acid. ae 
Filtrate from 100 c.c. 
6 10-0 18-2 35 
13-0: 20-8 9-5 170 40 


Teblo showing tho effect on the non-coagulable nitrogen in the sorum or plasms 
of diluting the blood with isotonic salt solution. 


and 7 with trichloracetic acid show about 20 %/, of the total inaetes 
of the nitrogen is due to non-precipitable nitrogen while 80°, is due — 
to precipitable nitrogen. In two other ox sera the precipitable and — 
was determined. The results were: 


p.c. of N p.c. of N not 
Exp. 9. Original... 98-5 18 
Diluted i... 98-7 19 
» 10. Original 97-1 18 
Diluted  ... 97-4 1-9 


These results, while not very satisfactory, tend to show that the pre- 
cipitable nitrogen increases much more than the non-precipitable. The 
exact nature of the nitrogenous bodies leaving the corpuscle as a result 
of diluting with isotonic salt solution is being further a 
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The above results show that isotonic Ringer or sodium chloride is 
not an indifferent fluid’. The cells tend to lose protein and non-protein 
_ nitrogenous bodies in it. This means that the cells are permeable to 


these two forms of nitrogenous bodies. The non-protein nitrogen is in — 
all probability chiefly amino-acids and urea. The work of many investi-— 


gators (3) has shown that the non-protein nitrogen increases in the blood 
and tissues during digestion. Costantino(4) has shown that the cor- 
puscles are permeable to amino-acids and the same might be inferred 


from the work of Van Slyke and Meyer(5). The corpuscles have long 


~ been known to be permeable to urea. The results of Folin and Denis(6) 


show that in the blood of cats 24 hours after a meal about 60°/, of the 


non-precipitable nitrogen is urea. Except for the work of Inagaki 


quoted above, I can find no results which would indicate the corpuscles — 
are permeable to protein. According to the analyses of Hoppe-- 
Seyler(7) from 5 to 12°, of the dried corpuscle is protein (other than 


hemoglobin). Abderhalden(s) found in the moist corpuscle from 


1-2 to about 7°/, protein other than hemoglobin. The analyses of red 
corpuscles given by various authors are not very satisfactory. Most — 


of the methods used to obtain the stroma would cause a loss of albumin 
if this were present. The analyses of stroma show globulin or nucleo- 
protein but do not mention albumin. The composition of the red 
corpuscles from this point of view needs reinvestigating, since most 
workers in obtaining red blood corpuscles have washed them in salt 
solution. Those methods of finding the relative volume of corpuscles 
and plasma in the blood which depend on the comparison of the nitrogen 


in the plasma or serum with that found in similar blood diluted 
definitely with salt solution must necessarily be wrong. Such a method 
was first used by the Bleibtreus(9) but has been used by many others. 


Inagaki, not recognising the significance of his own results, used 
Bleibtreu’s method in part of his work. These methods will show 
relatively more serum than there really is. Taking the figures of 


Exp. | after adding five times the volume of salt, there would be 69-5 /, 
serum calculating by this method instead of 66-5), as found by the 


hematocrit. 


1 Ringer’s fluid alters the appearance of the corpuscles as seen by the ultramicrosoope. e 
The colloids take on s granular appearance while in serum they remain homogencous. 


See Aggazzotti, A., Zeit, f. Allg. Physiol. x1, p. 244. 1910. 
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RESULTS. 


Dilution of the blood with isotonic Ringer or salt solution causes 

'. the corpuscles to lose protein as well as non-protein nitrogen. The 

corpuscles are thus permeable to these two kinds of nitrogenous bodies. 

The protein leaving the corpuscles is not precipitated by an equal 

volume of saturated sodium sulphate solution at 35°, but is wisi 
trichloracetic acid. 
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-CONTRIBUTIONS TO THE PHYSIOLOGY OF THE 
PULMONARY CIRCULATION. By YAS KUNO 
(Mukden). 


(From the Institute of Physiology, University College, London.) 


1. The influence of changes in the venous supply om the 
pulmonary circulation. — 


Taxis oie. has already been investigated by various authors. 
Lichtheim@) and Plumier(d), for example, both found that the 
pulmonary arterial pressure was diminished by ligature of one vena 
cava and was raised by slight pressure on the abdomen. Fiihner 
and Starling(2), working on the heart-lung preparation, observed a 
- rise of pulmonary pressure accompanying increase in the venous supply. 
In a paper lately published on the function of the pericardium (3) 
I recorded certain experiments on the changes undergone by the 
pulmonary pressure under the influence of varying venous supply. 
None of these experiments however were sufficiently exact to show 
the quantitative relationship between venous supply and pulmonary 
pressure, and I therefore sought to determine this in the experiments 
which are the subject of the present memoir. I was especially interested 
in this question because I had already found that in the heart-lung 
preparation with an open pericardium the pulmonary pressure might 
be actually lowered’ if the venous supply were very large. I have 
therefore carried out the experiments here recorded under both con- 
ditions of the pericardium, namely, opened and closed. 

The experimental methods employed were similar to those described 
by Fiihner and Starling. All the experiments were made on 
heart-lung preparations. The pressures were measured in the aorta, 
the vena cava, the pulmonary artery, and the left auricle. The aortic 
pressure was measured with a mercurial manometer, the three other 
pressures by means of piston recorders which were connected with 
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- water manometers, all the pressures being simultaneously recorded. 
The output of the left ventricle was measured in the ordinary way. 
Changes in the venous supply were brought about by raising or lowering 
_ the blood reservoir which was connected with a cannula in the superior 

vena cava by means of a very wide rubber tube. 

In order to introduce the cannulx into the pulmonary artery and 
the left auricle, the pericardium was unavoidably opened. The wound — 
in the pericardium, after the introduction of the cannulw, was closed — 
as far as possible by a network of stout threads which thus played the 
_ part of the pericardium in this‘situation. A series of experiments on 
the effect of changes in the venous supply was first carried out with 
the pericardium closed in this fashion; the pericardium was then widely 
opened and the series repeated with open pericardium. | : 

The experiments were carried out on eight dogs. In five the 
resistance in the arterial circulation schema was maintained constant 
throughout the whole experiment, so that the aortic pressure moved 
‘up or down with changes in the venous supply. In the three remaining 
experiments the aortic pressure was maintained at an almost constant 
height throughout by appropriate alterations in the arterial resistance. 
It will simplify my task if I give here a detailed description of an 
experiment carried out in each of these two ways. Tables I and II 
and Figs. 1 and 2 show the results obtained. _ mie 

In Table F the arterial resistance was maintained at a constant 
height of 55 mm. Hg (air pressure in the glass tube surrounding the ~ 
thin rubber tube forming the resistance). In Table II the arterial 
resistance was kept very low (10 to 20mm. Hg) and was constantly 
: changed with alterations in the venous supply. 


Taste Dog. 11'S kilos, heart 88 gms Arterial resistance=55 mm. Hg. 
Height of Pressure Pulmonary Left auricle Arterial Pulse rate  Tempera- 


mm mm. H,O mm. Hg per. min. ute 
a 15 310 124 91 400 128 34-5 
15 93 152 96 780 120 34:5 
ise 
6 210 «= 110 34-5 
‘10 47 476 176 93 
16 79 17 101 1200 126 (85 
295 1 110 
40 571 128 106 1100 114 35 
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Taste Il. Dog 6 kilos, heart 65gms. Arterial resistance = 10-20 mm. Hg. ve 
Height of Pressure Pulmonary Left auricle Arterial Output Pulse rate Semper 


om. mmHO mwmHO mm. Hg per min. 
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Fig. 
Fig cardium lines removed. 


2 % 30 36 


- varying inflow on the pulmonary 
suricle (Z.A.) and the output of left ventricle (O.P.), ‘The thick lines denote peri- 
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Pericardium intact. 
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(a) Pertcardium closed. So long as the pericardium remains intact, 
an increase in the venous inflow into the heart causes a rise in all the 
four pressures which were being measured and also in the output of 
the left ventricle. The venous pressure only rises slightly as the venous 
reservoir is raised, so long as the venous inflow remains small, but the 
risé becomes much more marked when a large inflow is still further 
increased. This is owing to the fact that the function of the heart 
is at first markedly improved by an increase in the venous inflow. 
Later, when it is attaining its maximum, increased venous inflow can 


Fig. 3a. Fig. 38. 
Mi Influence of-increasing the inflow (from 400 to 780 c.c. per minute). Pericardium 
tact. 


Fig. 3 3. Influence of increasing the inflow (from 920 to 980 c.c. per minute). 


only cause a slight further improvement. The functional power of the. 
right heart is the chief condition determining the height of the pulmonary 
arterial pressure. The functional capacity of the right ventricle has 
opposite effects on the height of the venous pressure and on the 
pulmonary arterial pressure. Thus the relation of the rise of pressure 
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a different course from that of the relation of the venous pressure. 
These results are illustrated in Figs. 34 and 8B. Both were obtained 
from the experiments detailed in. Table I. In Fig. 3.4. the blood 


~ reservoir was raised from 8 to 15. cms., and in Fig. 3 8 from 22 to 30 cms. 


The output of the left ventricle increased in Fig. 3 a from 400 to 780.c.c. 
and in Fig. 3B from 920 to 980c.c. The alteration in the venous 
pressure is only slight in Fig. 3 a but much larger in Fig. 3B, whereas 
the rise of pressures in the aorta, the pulmonary artery and in the left 

- auricle are much more marked in Fig. 3 a than in Fig. 38. The same 


relation holds whether the pericardium be present or absent. ee 

It follows from this that the proportion between the venous pressure 
and the pulmonary pressure cannot remain the same with varying 
venous inflow, and this fact is brought out yee in the gad 


Freight of of putas of 
per minute multiplied by. per minute multi by 
400 c.c. 4-1 485 c.c. 5:8 
780 » 4-35 680 ” 2-9 
3:2 800 ,, 2-65 
980 ,, 2-4 1080 ,, 16 
1200 ,, 1-4 


“In all my experiments the relationships between the two pressures q 


wa according to the venous inflow within similar limits. 


The pressure in the left auricle rises steadily with an increase in 
the venous inflow so long as the pericardium is intact. When the 


inflow is small, it is generally somewhat higher than the pressure in 


the vena cava. Increase of venous inflow affects however the pressure 
in the vena cava more than the pressure in the left auricle, so that the 


former soon becomes higher than the latter. ‘The proportion between 


onary arterial pressure and that in the left auricle, 7.e. the pressure 


in the pulmonary circulation, varies with the size of the venous 
inflow but is generally somewhere between 1-2 and 1-5. In one case 
with small venous inflow I have observed a proportion of 1; 7-75 (left 
auricle 46, pulmonary pressure 356), and in another tase with a large 
venous inflow the relation was 1: 1: 18 (Table II). As a rule the 
difference between the two pressures is large with a moderate venous 
inflow and becomes smaller as the venous inflow increases. 

(b) Pericardium opened, I stated in a former paper that the 
pulmonary arterial pressure sinks on opening the pericardium if the 
venous inflow is small, rises with a moderate or large venous inflow, 


end fall if the venous infow ia very lange “The fall of pulmonary 
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pressure with & small venous inflow was probably due to inadequate 
blood supply brought about by the faulty method of experiment then — 
used, since in the experiments here recorded, where there was always 
a possibility of an adequate supply which depended only on the height 
of the venous reservoir, I have always found opening the pericardium 
to cause a rise of pulmonary pressure, even when the venous inflow 
was very small. The fall of pulmonary arterial pressure with a very 
large venous inflow was confirmed in the present series of experiments. _ 
These results are shown in Tables I and II, and imply that when the 
protective influence of the pericardium is removed, the functional 
capacity of the right heart tends to fail whenever the mechanical 
pressure distending it becomes large. With opened pericardium the 
‘venous pressure remains much lower than with closed pericardium, 
vunless the venous inflow is abnormally high. The proportion therefore 
between the pulmonary arterial pressure and the venous pressure is 
_ rather larger than with closed pericardium (1 : 7-10). ete 
A great difference is noticed in the alterations of pressure in the 
left auricle when the pericardium is opened. In the experiment 
recorded in Table I, where the aortic pressure slowly rose as the venous — 
inflow was increased, the pressure in the left auricle rose with increase 
in the venous inflow, though the rise was much less than that obtained 
previously with closed pericardium. If however the aortic pressure 
was maintained almost constant by adjusting the arterial resistance, 
the pressure in the left auricle remained practically unaltered with 
@ Tise of venous inflow, in spite of the increase in vena cava pressure. 
(Cp. Table II.) 
The interest of these experiments lies in the fact that it enables us 
to gain a measure of the different functional capacities of the left and 
right ventricles respectively in face of changes in the intracardiac 
diastolic pressure." The right ventricle after opening the pericardium 
is no longer capable of coping with a high intracardiac-pressure, so 
that in spite of its dilatation and the consequent lengthening of its 
muscle fibres, it is no longer able to maintain the pulmonary arterial 
‘pressure at the same height as before. The left ventricle with its 
thicker walls has a larger margin in which it can react to a distending 
force. Its functional capacity is therefore not injuriously affected by 
increased blood supply even when the pericardium is opened, and it 
can continue to expel easily any amount of blood which is passed to 
it by the right heart, however high the venous pressure in the latter 
may be. Since it can expel all the blood it receives from the left 
auricle, there is no rise of diastolic pressure such as that which 
| 10 
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accompanies the progressive distension of the thin-walled right ventricle. 
Qn the other hand if the pericardium is intact, the pressure in the left 
auricle rises almost pari passu with that in the vena cava. We thus 
see that so long as the pericardium is intact, both sides of the heart 
work in harmony, an increased inflow calling forth a corresponding 
activity of each side. This harmony fails so soon as the pericardium 
is removed, and the whole of the stress of the increased venous inflow 
falls directly on the thin-walled right heart. ok ee 


2. The influence of cutting out parts of the pulmonary circulation. 
The remarkable fact. was recorded by Lichtheim@) that in dogs 
three-quarters of the whole pulmonary vascular system might be cut 
out of the circulation without diminishing in the slightest the systemic 
arterial pressure. He obtained however a rise of the pulmonary 
arterial pressure and concluded therefore that the. systemic pressure 
remained unaltered because the rise in pulmonary arterial pressure 
- caused a compensatory quickening in the flow of blood through that 
part of the pulmonary system which remained open. Landgraf(1) 
came to somewhat different conclusions. Taking care to maintain the 
pleura intact he found that ligature of one pulmonary artery in the 
tabbit caused the systemic arterial pressure to fall to about one-half. 
Tigerstedt(4) found that if the left lung were ligatured in a rabbit 
-with left-sided pneumothorax, no change as a rule was brought about 
_ in the systemic system, and later(5) he obtained the same results when 
-he measured the blood flow through the ascending aorta by means of 
his Stromuhr. He thus confirmed the experimental results of 
Lichtheim but gave a somewhat different interpretation of them. 
According to him, the distribution of blood is possibly not uniform in 
_ the lungs, some parts receiving much less blood than others. If one 
lung is tied off these parts would at once receive a richer blood supply, 
80 that the same mass of blood as before could be driven through the 
‘still open pulmonary vessels without any appreciable rise of pressure 
in the right ventricle. | 


In all these experiments however we have no data as to the general 


‘circulatory conditions existing at the time that the ligature of the 
lung vessels was carried out. I have therefore repeated these experi- 
ments on the heart-lung preparation, in which all the conditions of 
the circulation are known and controllable. Changes in the circulation 
were brought about by increasing or diminishing the blood flow to 
: the heart and in each condition I have ligatured either a whole lung 
or the’ smallest or largest lobe of one lung by means of & soft cord 
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which’ could be loosened again whenever desired. Pressures were 
recorded in the aorta, pulmonary artery, vena cava inferior, and in 
the left auricle, and the influence of cutting off varying fractions of 
the pulmonary circulation on these pressures investigated. 

Tasty Dog 6-5 kilos, heart 59 gms, Temperature 34°C. Pulse rate 116-124, 


Arterial mm. 
ec. of . After Before . After After 
per minute lung —_—iligature ligature ligature ligature 
1040 86-5 86-5 220 274 38 39 
1380 92 — 90 250 338 52 55 
1740 93 ~ 90 349 490-506 64 86-98 


My results show that the effect on the aortic pressure of cutting off 
cn lng atin coring the strength of te Graton When 
the ‘venous inflow is 
small or moderate, 
i.e. when the heart 
is working at an 
output per minute 
of 300 to 1000 cc., 
the aortic pressure, 
as Lichtheim and 
Tigerstedt found, 
generally remains un- = 2 
altered, apartfrom an ,, 
4 
* 


a 


immediate transitory 
fall. When the in- 
flow is large the effect 
is quite different. The 
aortic pressure still 
falls considerably and 
then rises, but never 
reaches the previous 
height so long as the 
lung vessels remain 
closed. The extent of 
this fall of aortic pres- 
sure increases with 
increase in the venous 
inflow. An example is 
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Di showing effects of 
Fig. 4. From Table iagram showing 4 
ligature of left !ung on the arterial pressure (A.P.), 4 
pulmonary pressure (P.P.) and venous pressure (V.P.) 
e 
at different inflows. The lung was ligatured at the ; 
dotted lines. 4 
iustrated in A. | | q 
- The pulmonary arterial pressure always rises after ligature of one : 
| | he extent of th 4 
lung even when the venous inflow is very small, The nt of the 3 
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rise is almost proportional to the venous inflow.. The pressure in the 


vena cava also rises in consequence of the rise in the pulmonary pressure. 


The results as concerns the three pressures are shown in Table III 
and Fig. 4, which may serve as a type of all my eight experiments. — 

It is thus evident that the absence of change in the aortic pressure 
on ligature of a lung only holds for the case when the circulation is 
slow. As soon as the circulation becomes stronger, cutting out one 
lung is no longer without influence on the aortic pressure. In the 
experiments of Lichtheim and Tigerstedt the. circulation was 


probubly feeble. Their results are therefore quite correct, but they 
cannot be generalised as applying to every condition in the normal 


life of the animal. | 


The fall of the aortic pressure which immediately follows in every 


case the ligature of the lung only lasts for 13 to 18 heart beats. This 
period is identical with that which is required for the pulmonary pressure 
to rise to its maximal height. (Cp. Fig. 6.) In this figure it will be 
seen that the time interval required for the maximal rise in pulmonary 
and venous pressures and that required for the recovery in the aortic 
and auricular pressures were identical. We must therefore conclude, in 


opposition to Tigerstedt, that the rise of pulmonary arterial pressure 


plays an important part in maintaining the aortic pressure constant 
under these conditions. 

In four animals I have tied off the third (the largest) lobe of the 
left lung. The results were qualitatively identical with those just 
recorded, though naturally smaller in proportion to the lesser area of 


lung vessels involved. The aortic pressure remained at about the 


same height after a transitory fall, so long as the venous inflow were 
not too large. The rise of the pulmonary arterial pressure was very 
marked in every case. These results are illustrated in Fig. 5. In this 
experiment the heart weighed 64 gms. and the output of the left 
ventricle 790.c.c. per minute. The aortic pressure rose, after a pre- 
liminary fall, from 286 to 386 mm. H,0. | 


Ligature of the first (smallest) lobe of the left lung, which I carried 


out on three animals, had practically no effect on the aortic pressure. 
When the venous inflow was very large, a very slight transitory fall 
was observed. The rise of pulmonary pressure was generally slight 
and sometimes hardly perceptible. These tesults show that the. pul- 


monary pressure is susceptible to any narrowing in the total area of 
vessels in the lungs, and that the rise of pulmonary pressure thereby 


brought about is a necessary condition for maintaining constant the 
pressure in the systemic circulation. = = = | 
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PULMONARY CIRCULATION. 


| Certain precautions are necessary in tying off parts or the whole : 
_of one lung. The operation is always easier on the left than on the 
right side, since on the latter the vena cava is often stretched or con- 
stricted by the ligature, so 
interfering with the blood 
supply to the heart. It is 
quite difficult to tie off a 
whole lung without altering 
in some way the position of 
the lungs or the auricles, and 
these alterations may easily 
affect the circulation and the 
pressures, which are being 
measured in mm.H,0. The 
effect of such alterations is 
especially marked when the 
venous inflow is small. If 
the lung for imstance is 
accidentally raised above 
the level of the heart the 
function of the heart is in- 
creased, and this is especially 
marked if the lungs are some- 
what cedematous. Thus the | 
results I have already noted ~ 
with regard to the ptessures Fig. 5. Efeote of ligature of the largest lobe 
in the aorta, pulmonary 
artery, and vena cava, would lead us to expect either a fall or no 
change at all in the pressure in the left auricle after ligature of the — 
lung. Very often however, especially when the inflow is not large, I . 
have obtained a rise of pressure in the left auricle as a result of 
ligaturing one lung. I have no doubt that this rise was due to some 
alteration in the position or height of the left auricle and am not 
inclined to ascribe much importance to the observation. : 
_ It is important to note that tying off a lung in the heart-lung 
‘preparation with intact pericardium very often brings about a marked 
alteration in the action of the heart, which shows itself by a marked 
_ tise of pulmonary and venous pressure and a distinct fall in the aortic 
pressure. These results are certainly due to an error of method and 
are to be ascribed to an increased stretching of the pericardium by the 
ligature, since they are not obtained when the pericardium is opened. 
10—3 
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- The physical condition of the respiration in the heart-lung preparation 
_ is quite abnormal, since it can only be carried out by rhythmic inflation 
with the bellows. If one lung, or part of one lung, is cut out by ligature, 
the pressure of the artificial ventilation must fall on the remaining 
sections of the lung more strongly than before, and these must therefore 


be blown out to a greater extent. This consideration would seem to 


justify criticism of the results I have recorded. It might be thought 
that these results, and especially the rise of pressure in the pulmonary 
artery, were really due, not to a narrowing of the bed of the stream, 
but to an increased distension of the lung remaining open. In order 
to meet this objection I have repeatedly investigated the influence of 
increase in the pulmonary ventilation on the pulmonary circulation. 
Thus the side opening of the tracheal cannula, which was at first 


— 


6, Influence of increased artificial respiration. 


adjusted fairly wide, was narrowed occasionally by means of the finger 
so that the lungs were much distended with each-inspiration. When 
artificial respiration is employed the pulmonary arterial pressure rises 
during each inspiration and sinks during expiration, as many physio- 
logists have already found and as I have also found. If however the 
ventilation was increased, I found that the average height of the 
pulmonary arterial pressure sank and slowly came back to the previous 


_ level when the ventilation of the lungs was much more diminished. 


_ This result therefore does not favour the objection’ suggested above. 
Fig. 6 may serve as a type of such an experiment. It was obtained 
from a heart of 45 gms. The output of the left ventricle was 760 c.¢. 
per minute and the aortic pressure 93 mm. Hg. The strength of the 
artificial respiration was increased for a period of about 50 seconds. 
Ite effect in increasing the respiratory excursions of the pulmonary 
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and venous pressures is well marked. Before the increased ventilation 
' the pulmonary pressure was 274 mm. H,0, during the increased ventila- 
tion it sank to 255 mm. H,0, fell to 251 directly after diminution of 
the ventilation and then rose gradually to its previous height. The 
venous pressure also sank during the period of increased ventilation 
from 33 to 29mm.H,0. 

These results would seem to suggest that the circulation in the 
lungs ‘is actually favoured by an increase in the respiratory excursion 
of the lungs. It would be theoretically and clinically extremely 
| interesting if we could actually prove that the portions of the lungs 
which are functioning must actively receive more blood than those 
which are less active or inactive. Tigerstedt maintains that ligature — 
of a lung in a state of pneumothorax can differ in no way from ligature 
of a functioning lung, since the difference in the total quantity of blood 
contained in the lungs in the inspiratory and expiratory positions 
respectively only amounts to about 7th of the total blood. His 
assumption however is possibly not free from fallacy, since it is possible 
that in a collapsed lung the blood stream may be much slowed even 
though there is no great change in the total quantity of blood contained 
in the lung. I have therefore compared the effects of tying off the 
lung vessels in the respiring and the collapsed state respectively. A 
strong thread was passed round the left bronchus, and by drawing 
the thread tight the movement of the left lung and its function in the 
expiratory condition was checked. The effect on the circulation of 
tying off the whole left lung at its hilus was investigated with open and 
with closed bronchus. In spite of many attempts I am. however 
unfortunately not in a position. to give an adequate answer. to this 
question. The results of ligature of one lung on the circulation are 
not always quantitatively the same, even when the lung is functioning 
normally, and the difference of the results obtained from the ventilated 
lung and the collapsed lung respectively is not large enough to be decisive. 
Thus it is not easy to judge whether the difference in the results obtained 
in the collapsed lung from those obtained in the ventilated lung is 
merely accidental or is really due to the obstruction of the bronchus. 
Still, in the majority of cases, especially when the venous inflow was 
large, the variations in pressures introduced by cutting off the collapsed 
lung were smaller than those obtained from the ventilated lung. Often 
however no difference was obtained between the two conditions. In — 
no case were the results of the experiments on the collapsed lung more — 
marked than those on the lung artificially ventilated. I am inclined 
to believe as a result of my observations that the circulation through 
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a lung which is not in action is slower than that through one which is _ 
being used for respiration, but I hope to investigate this subject in - 
greater detail later. 

Figs. 7 a and B may serve as examples of these experiments. They : 
were obtained from:a heart of 59 gms. and show the effect of ligature 
of the left lung under the two conditions. In Fig. 7 fairly strong 


Fig. Ta. Fig. 78. 


_ Fig. 7a. Effects of ligature of the left lung. Artificial respiration strong. 
Fig. 78. Effects of ligature of the left lung. Left bronchus ligatared,, 


artificial respiration was carried out. In Fig.-7B-the left bronchus 
had been obstructed by ligature. The output of the left ventricle was 
about 1740 c.c. per minute. In Fig. 74 the pulmonary pressure rose on 
ligature of the lung from 350 to 506 mm. H,O, whereas in Fig. 78 it 
rose from 383 to 480 mm. H,0. The changes in the aortic and venous — 
pressures are also somewhat more marked in Fig. 7 a than in Fig. 7 8. 


CoNncLUsIONS, 


arterial pressure and in that of the left auricle. So long as the inflow 
is small, a slight increase causes @ considerable rise of pressure in the — 
pulmonary artery, and only a slight rise in the vena cava, When the 
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PULMONARY CIRCULATION. 


inflow now causes a marked rise of venous pressure but only a slight 
tise in the pulmonary artery. The proportion therefore between the 
height of the pulmonary pressure and that of the venous pressure 
becomes. gradually smaller with increase in the venous inflow, the 
ratio altering from about 6-0: 1 to 15:1. With pericardium open the 
pulmonary pressure with small or moderate venous inflow is usually 
higher than under normal conditions. There is a marked fall however 
if the venous inflow is very large, as a result of the disturbance in the 
functional capacity of the right ventricle. The pressure in the left 
auricle depends on the height of the aortic pressure. If this is kept 
constant there is a marked difference in the alterations of pressure in 
the left auricle in the two conditions of the pericardium. With closed 
‘pericardium the pressure in the left auricle rises with increase in the 
venous supply, while with open pericardium it remains unaltered even 
if the pressure in the vena cava is very high. 

2. The effect on the aortic pressure of ligature of one lung varies — 
according to the size of the venous inflow. If the venous supply is 
less than about 1000¢.c. per minute, cutting out one lung causes the 
aortic pressure to return to its former height after a temporary fall. 
If however the venous inflow is large, the aortic pressure is permanently 
lowered during the ligature of one lung. The pulmonary pressure rises 
in every case even if only one lobe of the lung is cut out. 

The time taken by the pulmonary and venous pressures to attain 
their maximum height is identical with that required for the recovery 
of the aortic pressure after its temporary fall. The rise therefore in 
the pulmonary pressure caused by cutting out part of the pulmonary 
circulation is @ necessary condition for the maintenance of the aortic . 
_ pressure at a constant level. 
~ The pulmonary arterial pressure falls ‘as a result of increasing the 
strength of the artificial respiration. _ 

The effects of cutting off a lung are more marked in the case of 
the ‘ventilated tung than in that of the collapsed lung. 


I am much indebted to Prof. Starling for —" and advice 
during the course of these experiments. 
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NOTE ON VAGUS STIMULATION OF THE ADREN- 
 ALISED HEART. By M. KURODA AND YAS KUNO. 


» (rom the Institute of Phystology, University College, London.) 


on the nervous regulation of the heart was carried 
by one of'us (Y. K.) in conjunction with Dr Dittler in Leipzig in 1914, 
which will be published at the end of the war. In these experiments 
the statement made by Gourfein and Langley(1) etc., that the vagus — 
is rendered inéxcitable by -the injection of adrenalin was confirmed. 
It is doubtful however whether this phenomenon is due to a direct 
effect of the adrenalin or to the increased intracardiac pressure caused — 
by’ the adrenalin, for it is a well-known’ fact that stimulation of the 
vagus has no longer any effect ‘when the intracardiac pressure rises 
This question was investigated by Bessmertny@®), who found that 
& . preparation ‘called “Emmostasin’’ caused a very remarkable rise in 
the arterial pressure (even to 240mm. Hg) unaccompanied by any 


diminution in the excitability of the vagus, while adrenalin (Parke- 


Davis) had-the above-mentioned. effect. He concluded from these 
results that the abolition of the ‘excitability of the vagus caused by 
thie injection of adrenalin’ was not due to the increased pressure in the 
were carried out by us on the heart-lung 
in order if possible to throw more light on this question. In the first 
place the intracardiac pressure was raised by increasing the venous — 
supply and raising the arterial resistance, and the threshold of vagus 
stimulation determined under different heights of the aortic pressure. 

_ In the next place we added adrenalin to the blood in the venous reser- 
voir, whereby practically no alteration took place as a rule in the arterial 
pressure, and compared the effects of vagus stimulation before and 
after the addition of adrenalin. In every case the vagus was stimulated 
in the neck with an induction current by means of Ludwig’s paeetn 
electrodes. The results of the experiments were as follows. _ 

"In the’ first series of experiments it was only possible to vary the 
aortic pressure. between 30..and 200mm. Hg. Within these limits the 
effect of vagus stimulation was always the same. Examples of this 


4 
a> 
= 
4 
‘ss 
SS 
t 
oF 
<3 
4 
» 


ADRENALIN AND. VAGUS... 


are shown in Fig. 1 4 and 8, taken from a heart of 51 gms. In Fig. 1 a 
the aortic pressure was 80 mm. Hg and in Fig. 1 8 190 mm. Hg. The 
‘strength of stimulus coil used in both cases was 70 mm., a figure which 
‘was very little above the threshold of stimulation. As will be seen 
from the figures, the results of stimulation do not differ very greatly. 
In Fig. 1 a the venous pressure rose on stimulation from 22 ~ pot 
65, and im Fig. 1 B from 394 to 416. 

As we could not determine the limits of the sortic scenes cttdin 
which vagus stimulation was still effective, we are not justified in 
excluding the possibility that the abolition of vagus excitability is : 

caused by the increased Mood: which occurs with 


yl 
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‘We however repeatedly in intact vagus 
‘tion hed effect when the arterial pressure was rained to loss ‘than 
‘twice its normal height by the action of adrenalin. 

__ In the second series of experiments we added -03 to -1 mg. ‘udunaiin 
(Parke-Davis) to the -blood. in the- venous -reservoir. The_-blood- 
pressure remained as a rule unaltered, but the heart rate was increased. 
After the addition of -03 to -05 mg. adrenalin, stimulation of the vagus 
was as effective as or even miore effective than under normal conditions. 
If however the amount of adrenalin’ was increased (-07 to -1 mg.) the 
diel pill to-the maximal vagus stimulation 
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In intact animals the abolition of vagus action after intravenous 

injection was only temporary. Several workers and also one of us 
have observed this. In the present experiments however the excita- 
bility of the vagus was not recovered. This might be caused by the 


very long duration of the action of the adrenalin in the heart-lung 
preparation (cp. Fiihner and Starling(s)) or by the gradual dying off 


of the vagus. It is quite certain that the abolition of vagus action 
observed in our éxperiments was not the result of the dying off of the — 


vagus but was caused by the adrenalin, since it was proved that this 


abolition occurred suddenly after the addition of adrenalin while in 
the heart-lung preparation the vagus usually responds for at least an— 
hour to electrical stimulation. | 


Fig. 2 4-C taken from a heart of 57 gms. is an example of this 


series of experiments. The blood-pressure in the three cases was 


about 91 to 94mm. Hg.. The left vagus was stimulated in A and B 
with a stréngth of coil of 135 mm: and in C with the coil distance 0. 


A was taken under normal conditions, B after the addition of -03 mg. 
adrenalin, and C after a second addition of -05 adrenalin. In A and 


B the effect of vagus stimulation was very marked, while in C it was 
hardly noticeable. An interval of seven minutes elapsed between 


We desire to thank Prof. Starling for his advice throughout this 


(1) Langley. This Journal, xxvm. p, 237. 1901. 
(2) Bessmertny. Ztech, f. Physiol. 8. 400. 1905-6. 
(3) Fihner and Starling. This Journal, xtvm. p. 286. 1918. — 
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THE MECHANISM OF FLUID ABSORPTION FROM 
_ TISSUE SPACES. By F. H. SCOTT. 


(From the Physiological Laboratories of University College, London, 
ioe and the University of Minnesota, Minneapolis.) | 


From early times it has been known that the volume of the blood rapidly 
increases after hemorrhage. This is due to the passage of fluid from 
the tissue spaces back into the ‘blood capillaries. The passage occurs 
far too rapidly to be accounted for by lymph flow and occurs after 
the thoracic duct is ligatured and after the intestines have been 
‘removed(1). Two theories have been put forward to explain this 
absorption of fluid. First the backward filtration theory of Landerer@) 
and second the osmotic theory of Starling().. According to the first 
theory, when the pressure in the capillaries falls below that in the 
tissue spaces the fluid is forced back into the capillaries. According to 
Starling, there is normally a balance in the production and absorption 
of tissue fluid between the filtration pressure in the capillaries and the 
osmotic pressure of the colloids of the blood and tissue fluid. Plasma 
and tissue fluid are practically identical in their composition in every- — 
_ thing except protein. Starling showed that the blood proteins exert 
an osmotic pressure of about 4 mm. of mercury for every 1 °/, of protein. 
Since the plasma contains more protein than the tissue fluid, its osmotic 
pressure is greater and this greater osmotic pressure should cause an 
absorption of fluid when the capillary pressure is reduced. 

After hemorrhage, if the backward filtration theory be correct, the | 
fluid which enters the blood should have some protein, while according 
to Starling’s theory the fluid should be practically salt solution. 
Thus it seemed possible that a comparison of the protein content of 
the blood before hemorrhage and a short time after it might throw 
light on the nature of the fluid passing into the blood. The composition 
of the fluid passing into the blood after hemorrhage has been determined, 
so far as I can discover, only in two rabbits by Inagaki(é). His 
determinations were made five hours after hemorrhage. He found in — 
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one case 0-28 gm. protein in 15-4¢.c. fluid (= 1-81 gms, per 100 c.c.) and 
in the other case 0-99 gm. protein in 30-9 c.c. (= 3-07 gms. per 100 c.<.). 
In reaching these figures, Inagaki counted the corpuscles as the method 
of determining the dilution of the blood after the hemorrhage, and he ~ 
took 7 %/, of the body weight as the total amount of blood. The protein 
was deduced from the total nitrogen in the serum. 
In order to determine the protein content of the fluid entering the 
~ blood vessels after hemorrhage, I have made estimations of the protein 
content of the blood serum after hemorrhage in three cases in dogs. 
_ The plan of procedure will be seen from the following complete protocol. 


Exp. 1. Dog, 8-1 kilos. Morphine, chloroform and ether mixture. Cannule in 
carotid and external jugular. At 10.30 a.m. removed 2120.0. blood from the carotid 
(blood 1) (209 0.c. in measuring cylinder; 3..c. in cannula and tube). Put 5 o.c. of 
this into a little powdered hirudin and let remainder clot in stoppered bottle. Put clean 

- cannula in carotid. At 10.50 removed 166.c. blood from the carotid (blood 2) and 
treated 5 0.c. with hirudin and let remainder clot in stoppered bottle. The volume of 
the remaining blood was then determined as follows. Through the vein Ringer solution 
was injected slowly but continuously, and every few minutes blood run out of the carotid 
artery. This was continued until the heart stopped. By that time the circulating fluid 
held very few corpuscles. The thorax was then opened and the heart massaged until 
the fluid coming from the carotid was colourless. The animal was frequently massaged _ 
during this time. Owing to the cut vessels, considerable fluid ran into the thoracic cavity. 
This was added to the rest of the dilute blood. Post-mortem showed a few veins in 
intestine still reddish. These were washed out. About 40 0.0. of 0-3 °/, hydrochloric acid 
was put in a 100 c.c. flask and 1 c.c, of the hirudin blood 1 run into this from a threeway 
tap pipette as described in a previous paper(5). The pipette was washed from the clean 
side with 0-3°/, hydrcchloric acid into the flask. The flask was then filled to the 100 mark. 

_ The pipette was washed and dried and the procedure repeated with blood 2. All the 

_ residual blood and washing from the animal were made into acid hematin; this was 
strained through a fine cloth and the clote digested with pepsin and hydrochloric acid. 
The solutions were compared in a Gallenkamp colorimeter, and in tubes of the same 
diameter. (In each experiment the average of 4-8 readings was taken.) | 

Blood 2 showed it had 86-9 °/, hematin compared with blood 1. The 166.c.c., therefore, 

| equals 144-2 ¢.c. of blood of original concentration. The residual blood was in two lots. 

| Ist lot, 6000 c.c,, 72 of this on colorimeter = 100 of the 1°/, of blood 1. : 

2nd lot, 6840 o.c., 27-5 of this on colorimeter = 100 of the 1°/, of blood 1. 

The first lot = 82-2 .0.c. original blood and the second 248-2:c.c. 


| The original total blood would therefore be 

= ny 212 + 144-2 (blood 2) + 82:8 + 248-2 = 687-2 0.0. 

qj : hematocrit showed blood 1, 448 and 44-6; average 44-7°/, corpuse es 
| Blood 2, 38-9 and 38-7; average 38:8°/, corpuscles. (38-8 = 86-6 °/, of 44-7.) 

. The sera from the clotted bloods were centrifuged and were free from hemoglobin. 
The total nitrogen was treated as if it all came from protein. This will be discussed later. 
Serum 1, 2:5 samples = = 35-4, 35-2; average 35-3.0.0. N/20 H,S0,. 
Serum 2, 25 2.0, = 30-0, 30-0 » N/20 ,, 
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From the above data the following calculations may be made: — 
Total blood 687-2 c.c., withdrew 212¢.c. 475-2.c. left. At the 
end of-20 minutes the hesmoglobin 3 is 86°9°/,, ... the volume must have 


increased to “2% 100 _ 546°8 c.c. or 71-6 ¢.c. fluid have come in. _ 


Blood 1 = 44-7 7%, corpuscles and 55-3 plasma. 475-2 c.c. = 262-8 ¢.c. 
plasma and 212-4 ¢.c. corpuscles. 

2D ¢.c. serum 1=35-3c.c. N/20 H,SO,. 262-8 c.c. = 3710-8 o.c. 
__N/20 = 16-285,gms. protein = amount of protein in the serum left i in 
blood after lst hemorrhage. 

After 20 minutes the volume is 546-8c.c. Blood 2 = 38:8), 
corpuscles, 546°8 c.c. = 334-5 c.c. plasma and 212-3 c.c. corpuscles. 

2-5c.c. serum 2= 30-0c.c. N/20 H,80,. = 4014-0 c.c. 
N/20 = 17-611 gms. protein, .. there is an increase of 303-2 c.c. N/20 = 
1-326 gms. protein. This 1-326 gms. protein was in 71-6c.c. fluid. 
‘This is 1-8gms. per 100c.c. of fluid which is 29°/, of the amount in 
the original serum which had 6-195 gms. per 100c.c. 

In the above and further experiments the amount of plasma and 
corpuscles was taken from the sample of blood and not calculated from 
the original blood. The total mass of corpuscles gives a good check 
‘on the work. Thus in the above 212-4¢.c. corpuscles were left, 
.teckoning from blood 1, and 212-3 found from blood 2. The hemo- 
globin values and corpuscle volume varied together within limits of 
experimental error and did not vary in the same degree as did 
Inagaki’s. An error in the’calculation arising from the use of serum 
instead of plasma for the total nitrogen would be very small as it would 
affect both specimens. 

Two other similar experiments were made. The seoults of the three 
experiments are given in Table I and some details of Exps. 2 and 3 
.. ‘The figures show presumably that the fluid which enters the blood 
from the tissue spaces does contain protein, although in much smaller 
amounts (10-32°/,) than the plasma. The figures are less than those 
found in most exudates. Since the exact composition of tissue fluid 
is unknown, these results might be interpreted as favouring the backward 
filtration theory since the filtration through the capillary membrane 
would no doubt reduce the percentage of protein. Inagaki’ s(4) 
results, however, seemed to show that this extra protein came out of — 
the corpuscles. " In a previous paper [(5) showed that dilution of blood 
with isotonic Ringer solution led to an increase of the nitrogen (protein) 
in the plasma. The results there showed a much smaller increase in 
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the amount of protein yielded by the corpuscles from such diliitions 


as obtained in the above experiments. A dilution of 1/10 which would 
- peduce the hemoglobin to about 91 °/, did not lead to any such increase 

as that produced in the blood in the body as a result of hemorrhage. 
It was suggested that the dilution with the isotonic salt upset the 


colloidal balance between the corpuscle and the protein diffused into — 


= plasma. 


Exp. 2. With hematocrit blood 2 showed 43-2°/, corpuscles (2 estimations), and 
blood 1 showed average 43-2°/, (43-1, 43-3) = 95°7°/, of 45:1. Kjeldahl 5c.c. samples: 
Serum 1, 61-4, 61-0; average 61-2 c.c. N/20 H,SO,. Serum 2, 57-4, 58-8; average 57-6 0.c. 
N/20 H,SO,. The corpuscles left from analysig of blood 1 = 2390.0. and found by 
analyse of 390-9 


In Exp. 3 two bleedings were made. 


89-6°/, of blood 1 = 95%, of blood 2. 

The residual blood was found to be 498-1 o.0., and therefore the total quantity originally 
883-7 

The showed blood 1 srerago 485%, corposnes, blood 3 
corpuscles (46-1 =95-3 °/, of 48-35); blood 3 average corpuscies (44-0 = 90°, of 
48-35 and 95-4°/, of 46-1). 

The Kjeldahl showed for 2-5 c.c. samples: Serum 1, 36-4, 36-05; eeamge 96-22 0.0. 
N/20 H,80,. Serum 2, 34-0, 34-0; average 34-00.c. N/20 H,S0,. Serum 3, 31-4, 31-4; 
average 31-4 c.c. N/20 H,SO,. 

Ta. this Chere in quod agriceant the volunte 0s 
there should be. From blood 1 there was left 306-7-0.c, corpuscles, but from blood 2 
there was found 309-8 o.c. corpuscles. After the second hemorrhage there was left in 
the body 286-7 0.0. corpuscles caleulating from blood 2, and from blood 3, 288-1 0.0. were 
found. The error is manifestly in one of the determinations of blood 2. 


_ This would be true of all cells, and especially the endothelium aaa 
be as much affected asthe corpuscles In order to test this a series of 
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experitients was made in which the blood of the living animal was 
diluted with Ringer. Under these conditions the salt solution rapidly 


leaves the blood for the tissue spaces(é), so any backward filtration is 
excluded. 


Protocols of these experiments are given below: morphia and ether 
was given in each and the residual blood determined as in previous 
experiments. 


xp. 4. Dog, 15-41 kilos. Cannule as in previous experiments. At 9.30 a.m. 
removed 75 c.¢. blood from carotid (blood 1) and treated 5 0.c. with hirudin, remainder _ 
allowed to clot. At 9.45 ran out 8 0.c. blood from carotid and then took 5.0. more and 
treated with hirudin (blood 2). (This was to see the effect of the small first hemorrhage.) 
Between 9.48 and 9.49 injected 90 o.c. Ringer, A= — 0°56°, through the external jugular. _ 
At 9.58 withdrew 307 c.c. blood from the carotid (blood 3) and treated as blood 1. At 
10.15 withdrew 240 c.c. blood from the carotid (blood 4) and treated as above. In this 
and the following experiments the hematin solutions were compared in a Dubosc colori- _ 
meter. The samples of the hirudin blood were taken with the same 1.0. tap pipette 
into the same volumetric flask. The colorimeter showed blood 2= 100°), of blood 1. 
Blood 3 = 92-6%/, of blood 1, and blood 4 = 86-2%, of blood 1 = 93°/, of blood 3. The 


- total blood making allowance for dilutions of bloods 3 and 4 was found to be 1028-4 0.0. 


The hematocrit showed blood 1 = 41-2, 41-2, average 41-2°/, corpuscles. Blood 2 = 41-2, 
41-2, average 41-2 °/, corpuscles. Blood 3= 38-2, 38-1, average 38-15°/, corpuscles 
(38-15 = 92°6°/, of 41-2). Blood4 = 35-8, 35-7, average 35-75 °/, corpuscles (35-75 = 86-7°/, 
of 41-2). 


5 c.c, samples of the sera showed by Kjeldahl: Serum 1, 77-5, 77:7, average 77-6 0.0. _ 
N/20 H,S80,; Serum 3, 73-6, 73-5, average 73-55 c.c. N/20 H,SO,; Serum 4, 68-4, 68-8, 
average 68-6 c.c. N/20 H,SO,. 

The results when calculated, using the same reasoning as in Exp. 1, 
show that the withdrawal of the 75 .c. (blood 1) had no appreciable 
effect on the blood. The injection of the 90c.c. of Ringer diluted the 
blood so that the hamatin was 92-6°/,. It would require only 71-1 c.c. 
of fluid to do this to the 940-4 c.c. of blood left in the body, so that 
18-9 ¢.c. of fluid had left the blood during the time. However, the 
ammonia yielded by the nitrogen in the plasma has increased 671 c.c. 
N/20 = 2-944 gms. protein. The effect of the withdrawal of the large 
amount of blood (307 c.c.) was to cause an intake of fluid of 53-3 c.c. 
and an increase of ammonia — the —— of 269-3 c.c. N/20 equal 


_ to 1-182 gms. protein. 


After bloods 1 and 2 there was left in the body, calculating from 
blood 1, 387-5 c.c. corpuscles. From blood 3 there was found 387-5 c.c. . 
corpuscles. After blood 3 had been taken, there was left 270-3 af. 
corpuscles and found, calculating from blood 4, 272-4 c.c. 


Exp. 5. In thie and the following experiments the blood was treated as in those 
already given. 
(blood 1). | 
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At 10.06 took 20.0.0. blood. 5.0.0, into hirudin (blood 2). 
_ Between 10.07-10.09 950.0. Ringer, 4 = — 0-56°, were injected ns gle 
At 10.15 removed 480 0.0. blood from carotid (blood 3). 
At 10.31 removed 205 ¢.c. blood from carotid (blood 4). 
Residual blood determined. 
The colorimeter showed: Blood 2 = 100°/, of blood 1. Blood 3= 96-1°, of blood 1. 


"Blood 4 = 98-6%, of blood 1 = 97-2%, of blood 3. The total amount of blood equalled 


1727-6 6.0. 
The hematocrit showed blood 1, 50-1, 50-1°/, corpuscles. Blood 2, 50-1, 50-0, average 
50-05%, corpuscles. Blood 3, 48-1, 48-1°%/, corpuscles (48-1 = 96%, of 50-1). Blood 4, 
46-8, 47-1, average 46-95 °/, corpuscles (46:95 =93-7 °/, of 50-1). 

Kjeldahl, 2.c.c. samples: Serum 1, 32-5, 32-1, average 32-3 o.c, N/20 H,SO,; Serum 3, 
29°85, 29-8, average 29-82 o.c. N/20 H,SO,; Serum 4, 29-85, 29-8, average 29-82 o.c. N/20 


_. There were left 817-9 0.c. corpuscles, caloulating from blood 1, after bloods 1 and 2 
had been withdrawn and 817-1 c.c. were found calculating from blood 2. After blood 3 
had been withdrawn there were 586-3 o.c. corpuscles left (blood 3) and 588-7 found (blood 4). 


_ From the above it may be calculated that 28-8 c.c. of the injected 


- 95.c.c. of saline left the blood after the injection of the Ringer, but that 


the ammonia from the total nitrogen in the plasma increased as a result 
of the injection by 200-4 ¢.c. N/20 = 0-879 gm. protein. The with-— 
drawal of the large amount of blood (480c.c.) caused an intake of 


_ 35-1 c.c. fluid and an increase of 335-8 c.c, N/20 = 1-473 gms. protein. 


The above experiments having shown that such hemorrhages 
(blood 1) as are necessary to get a sample of blood for analysis do not 
affect to an appreciable extent the residual blood, the second small 
hemorrhage (blood 2) was omitted from subsequent experiments. 


Exp. 6. Dog, 33 kilos. At 9.49 a.m. withdrew: 100 c.c, blood (blood 1).. Between 
9.50 and 9.51 injected 100¢.c. Ringer A = — 0-57°. At 9.55 withdrew 142 ¢.c. blood 
(blood 2). 

The hemoglobin showed blood 2 = 96-3°/, of blood 1. The total blood = 2096-5¢.c. 
_ The hematocrit showed blood 1, 48-8, 48-8, corpuscles. Blood 2, 47-1, 47-1, corpuscles. 
47-1 = 96-5°/, of 48-8. Kjeldahl, 2¢.c, samples: Serum 1, 34-0, 343, average 34:15 0.c. 
N/20 H,80,; Serum 2, 33°55, 33-5, average 33-52 c.c. N/20 H,SO,. 


The corpuscles left in the body ealoulating from blood 1 equalled 9743 0.0. and found 
from blood 2, 976°5 c.c. 


From the above it may be calculated that 23-3... of the 100c.c. 
of injected Ringer left during the time, but the ammonia from the 
total nitrogen in the plasma sncrenped 932-4 ¢.c. N/20 = 4-09 gms. 
protein. | 

_ Two experiments were carried out in which, after a small sample 
had been taken, a large amount of Ringer was injected. The effect 
of this on the nitrogen content of theserum was studied as well as bad 
effect of hemorrhage in the plethoric state. 
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Exp. 7, Dog, 13-6 kilos. At 9.26 removed 54 ¢.c. blood from the carotid (blood 1). 
Between 9.30 and 9.35 injected 250 0.0. Ringer A= — 0-57° into the jugular. At 9.41 
removed 214 0.¢. blood from the carotid (blood 2), 
Ab 10:02 removed 225 ¢.c. from the carotid (blood 3). 
The colorimeter showed blood 2 = 90 °/, of blood 1 and blood 3 88 °/, of blood 1 = 97-8"), 
_ of blood 2. The total blood was found to be 1132-5 c.c. 
The hematocrit showed blood 1= 48-7, 48-8, average 48-75°/, corpuscles. Blood 
2 = 43-7, 43°56, average 43-6°/, corpuscles (43-6 = 89-4°/, of 48°75). Blood 3=430, 
43-0, average 43-0°/, corpuscles (43-0 = 88-2°/, of 48-75). a 
- Kjeldahl, 2 ¢.c. samples: Serum 1, 29-85, 30-1, average 29-95 0.0. N/20 H,SO,; Serum 2, . 4 
25:1, 24-9, average 25-0 o.0. N/20 H,SO,; Serum 3, 25-0, 25-1, average 25°05 c.c. N/20 H,SO,. : 
The total corpuscles left in body after blood 1 had been withdrawn were 625°8 c.c. ; 
by analysis of blood 1, and 522-5 c.c. were found by analysis of blood 2. After blood 2. a 
had been withdrawn there were left 430c.c. corpuscles (blood 2) and found 432-8 0.c. 3 
| ; From the above it may be calculated that 130°2 c.c. of the 250 c.c. 3 
¥ injected Ringer left the vessels during the time the Ringer was being 
injected and until the sample was taken, but that the ammonia from | 
the total nitrogen in the serum increased 129°4 o.c. N/20 = 0°568 gm. - 
protein. The withdrawal of blood 2 caused an increase in volume of 
22'1 ¢.¢. fluid and an increase of ammonia from the nitrogen equal to 


N/20 = 1-078 gms. protein. 
Exp. & Dog, 18-86kilos, At 9.16 am. withdrew 50c.c. blood from carotid 


Between 9,18 and 9.25 injected 250.0. Ringer A = - 0-57° into the jugular. 
At 9.30 withdrew 252 ¢.c. blood from. the carotid. (blood 2). 
At 9.46 withdrew 211 ¢.c. blood from carotid (blood 3). ‘ ; 
. The colorimeter showed blood 2 = 92-6°/, of blood 1 and blood 3 = 93°, of blood 
1 = 100-4%, of blood 2. The total blood was found to be 1681-7 c.c. 
‘The hematoorit showed: Blood 1, 43-8, 44-0, average 43-9°/, corpuscles; Blood 2, 
ad 406, 40-8, average 40-7°/, corpuscles (40-7 = 92-7°/, of 43-9); Blood 3, 40-7, 40-9, average 
40-8 °/, of corpuscles (40-8'= 92-9°/, of 43-9). 
| _ Kjeldahl, 3 c.c. samples: Serum 1, 47-0, 47-1, average 47-05 c.c. N/20 H,SO,; Serum 2, 4 
4 41-8, 42-0, average 41-9 c.c. N/20 H,SO,; Serum 3, 42-2, 42-0, average 42-1 0.c, N/20 H,S0,. 4 
a There was left in the body after blood 1 had been withdrawn 716-3 c.c. corpuscles from = 
= _ analysis of blood 1 and 717-1 0.c. were found by analysis of blood 2. After blood 2 had 


been withdrawn there was left 610-5 c.c. from analysis of blood 2, and 609-6 c.c. found 
by, analysis of blood 3. | 

From the data it may be calculated that the volume of the blood 
‘a increased only by 130-3 c.c. and therefore 119-7 c.c. fluid left the vessels 
a. after the injection of the Ringer. The increase of ammonia from the 
/ nitrogen equals 237-2 c.c. N/20 = 1-140 gms. protein. The withdrawal 
of blood 2 did not lead to much alteration in the blood. There was 
a further loss of fluid equal to 6c.c., and it works out as a decrease 
of the ammonia from the total nitrogen in the plasma equal to 11-5 c.c. 
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_ _N/20 = 0-051 gm. protein. This small amount is within the limit of 
error in such an experiment as this. 

‘The results of these last five experiments way be tabulated | as 
follows : 


II. Showing the elect on the blood and the nitrogen of the plasma of diluting 


the circulating blood with Ringer solution. 


An examination of Table II will show that dilution causes an 
increased amount of nitrogen in the plasma. Under the conditions 
of these experiments fluid was leaving the vessels rapidly (in Exp. 7 
130-2 ¢.c. in eleven minutes) thus excluding any backward filtration, 


and yet the nitrogen increased in the plasma. The last column in — 


each table which compares the increase on the basis of 100 c.c. corpuscles 
gives values by which the results of the different experiments may be 
roughly compared. In Table IT it lets us compare the effect of injecting 
Ringer’s fluid with the effect of dilution caused by the fluid coming 
from the tissue spaces. Since dilution by the Ringer’s fluid occurred 
_ first, this ought to lower the values caused by subsequent further 
dilution from the tissue spaces.. In Exp, 4 the Ringer’s fluid caused 


the greater increase, but in Exps. 5 and 7, the subsequent dilution by 


the tissue fluid more effect than fluid. 


: 


10284 71 7% — — 100 
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In Exp. 8, after making the animal plethoric with Ringer’s fluid, the 


_ large hemorrhage caused only a very slight alteration in the concentra- 


tion of the blood and there was practically no alteration in the ‘total 


_ nitrogen. I did not expect to get results like those yielded in Exps. 


5 and 7, I thought the first dilution would always yield the greatest 
amount of material because the corpuscles should then hold the greatest 
amount, of diffusible material. The agreement in the corpuscle volume | 
in these experiments is only fair and thus part of the difference may | 
be due to this source, but I believe the great bulk of the difference comes 
from not having the salt ratio in the Ringer's fluid exactly correct for 
the animal. The Ringer used contained 0-%gm. calcium chloride, 
0-2 gm. potassium chloride per litre and enough sodium chloride to make 
it freeze at — 0-56° or — 0-57°. The cells of the body are known to be 
sensitive to small changes in the salt ratio of the surrounding medium. 
After injection, the salt balance would soon be re-established by 
excretion through the kidney so that subsequent dilution by the more 
physiological fluid from the tissue spaces had a more pronounced effect 
than the Ringer's fluid. In the last two experiments where large 
amounts of Ringer's fluid were injected the increase of nitrogenous 
bodies was small compared to that obtained in other experiments in - 
which about the same dilution was obtained from hemorrhage (Exps. 1 
and 3). This I believe is due to the salts not being quite in their proper 
proportion. 
In a previous paper 1(5) showed that dilution of the blood in vitro 
with isotonic salt solutions led to an increase of the nitrogen in the 
plasma. Of the nitrogen leaving the corpuscles about 80°/, was preci- 
pitable with trichloracetic acid (protein) and 20°/, was not.. In Exps. 1 


- and 3 the amounts of some of the fractions was followed. In Exp. 1, 
the non-protein nitrogen of blood 1 was 2-1 °/, of the total, and in blood 


2 was 25%,. The total non-protein nitrogen left in the blood after 
sample 1 had been withdrawn would yield ammonia equivalent to 
77-9 c.c. N/20. This has increased to 100-3c.c. at the time blood 2 
was taken. Thus the increase of non-protein nitrogen accounts for 
only 22-4 ¢.c. out of a total increase of 303-2c.c. In Exp. 3 the deter- 
mination of the non-protein nitrogen in blood 2 was lost. Blood 1 
showed 2-2°/, and blood 3 showed 2-7 °/, of the total nitrogen was not 


“precipitated by trichloracetic acid. Blood 2 should be intermediate | 
' between these figures, but taking the figure (2-2/,) of blood 1 and using 

it for blood 2, the total non-protein nitrogen left in the body after 
blood 2 had been withdrawn would yield.ammonia equivalent to 100-3 
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c.c. N/20. When blood 3 was withdrawn this had increased to 120-3 c.c. 
N/20. This is an increase of 29 out of 44-4, but if the true value for 
blood 2 had been used the proportion of the increase would not be so 
great. The albumin fraction of blood 1 was 61-6°/, and of blood 2 
was 62-0% These values were obtained with the sodium sulphate 
method as outlined in the previous paper. These figures show that 
dilution of the blood in the animal caused by the intaking of fluid 


from the tissue spaces produces a similar change to that caused by 


diluting the blood in vitro with isotonic salt solution. In none of the 


experiments in which Ringer’s fluid was injected were the proteins 
fractionated. Taylor and Lewis(7) have made some observations on 
the effect of bleeding and injecting Ringer, but they do not take into 


account the fact that a large amount of the injected Ringer would leave 
the circulating blood during the time and thus their calculations on 


the total amounts of the various fractions are of no great value. 
They observed an increase of the globulin in one case and of 
albumin in two cases. The non-protein nitrogen increased in all 
In studying the effect of diluting the blood in vitro with isotonic 
Ringer’s fluid, smaller increases in the nitrogen yielded by the corpuscles _ 
were noticed when dilutions were used which would bring the heamo- 
globin down to 95-90 °/, (adding 1/20 or 1/10 the volume) than are given — 
by a similar reduction in the animal due either to injected Ringer or to 


fluid from the tissue spaces. The values calculated per 100 c.c. cor- 


puscles would hardly be half of those obtained in the animal. This, — 
_ I think, is due to two causes. First, the improper salt ratio as explained _ 
above. In vitro there would be no means of rectifying this. Second, 
_ the endothelial cells would also be exposed to the same influence of 


dilution as the corpuscles and on upsetting the balance between them 


and the circulating blood they would yjeld diffusible material to which 
they are permeable. From their position and function it is probable — 
that the fluid in the endothelial cells is rich in protein. on 
The above results show that as large or larger increases in the 
nitrogenous bodies of the plasma occur after injecting Ringer’s fluid 


(when all backward filtration is excluded) as occur after hemorrhage. 


After hemorrhage, the fluid passing back into the blood must contain — 
less protein than the plasma whether it passes back by osmosis or by — 
filtration, it will then necessarily cause protein to pass from the cells _ 
into the plasma. Consequently an increase of protein in the plasma 
after hemorrhage is no evidence of backward filtration and is consistent — 
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with Starling’ s view that the fluid passes into the capillaries si 
action. 


Resvuts. 
After hemorrhage an increase occurs in the total protein of the 


blood plasma, corresponding to a protein content of 0-6 to 2-09%, in the — 


fluid which has passed through the capillary wall from the tissue spaces 
to the blood. 


Injection of Ringer’s fluid into the blood leads to a similar increase 
of protem, even though the injected fluid is leaving the blood for the 


tissue spaces at a rapid rate. 


The increase of protein occurring after hemorrhage may, then, 


__ be attributed to the passage into the blood of fluid from the tissues _ 
containing little, and possibly no, protein. Thus the increase is not 


inconsistent with Starling’ s theory that the increase in the volume 
of the blood occurring after hemorrhage i is due to the osmotic pressure 


provemns. 
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GLYCOLYSIS IN DIABETIC BLOOD WITH A METHOD 


FOR THE ESTIMATION OF BLOOD SUGAR. By 


HUGH MACLEAN. 


(Prom he of Chem Paty, | 


Tue problem ot the action of the diabetic tissues on NE is still 


unsolved. The question of the cause of the excessive excretion of 
sugar which occurs both in experimental diabetes in dogs and in ordinary 
diabetes in the human subject seems as obscure as ever. The simplest 
explanation that suggests itself is the obvious one that the diabetic 
organism has lost the power to destroy sugar. The difficulty, however, 


of obtaining any conclusive experimental evidence that in diabetes 


the tissues have actually lost, either wholly or partly, the power to 
oxidise glucose is extremely great. The very difficulties encountered 
perhaps suggest that the power of destroying sugar, while it may 
be modified in the diabetic organism, is by no means lost. Indeed, 
there does not appear to be any conclusive evidence at present that 
the diabetic organism as a whole is less able to destroy sugar than the 
normal one. The alternative view, that the organism is flooded with 


sugar owing to the failure of the liver to store it up as glycogen does not 


at first seem so probable, but it is undoubted that the evidence gradually 
accumulating points to a lack of power to store sugar in a stable form 
as @ more likely fundamental cause of sé dapiaeaies than an inability to 
oxidise sugar. 


Knowlton and Starling) found that the heart of a depan- 


creatised dog was apparently unable to utilise glucose. A similar 
result was obtained by MacLean and Smedley) when the diabetic 


heart was perfused with Ringer’s solution containing sugar. Later 


experiments conducted by Patterson and Starling@) under different 


conditions did not substantiate the former results of Knowlton and 


Starling, and indicated that the power of the diabetic heart to consume 
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glucose was not lost. That a diabetic heart often fails to remove the 


_ sugar perfused through it in saline solution is beyond doubt. Starling, 


however, has suggested that this lack of oxidation of sugar by the 
diabetic heart may be apparent only since the diabetic heart stores 
fairly large amounts of glycogen (4) which might be changed into sugar 


_ during the course of the experiment and so interfere with the result. 


This is very probably the case and would account for the results both 
of Knowlton and Starling and MacLean and Smedley. Indeed, 


the evidence brought forward by Starling and his collaborators 


strongly suggests that the heart of the depancreatised animal destroys 
sugar when the destruction is measured by experiments in which the 


reducing power of the sugar containing fluid is taken before and after 


perfusion. There is undoubtedly a loss of sugar as indicated by 
diminished reducing power of the liquid after passing through the 


diabetic heart. MacLeod and Pearce(5) have also pointed out that, 


when the liver is cut out of the circulation, sugar disappears from 
blood at the same rate in normal and diabetic animals. On the 


other hand, Starling and Evans(é) have shown that the respiratory — 


quotient obtained in diabetic hearts through which sugar is perfused 


is much lower than that obtained from normal hearts; these results 


indicate a decreased oxidation of sugar in diabetic hearts. 
So far the evidence at present available seems to suggest that, when 
measured by reducing power, glucose is destroyed in the heart of the 


_ depancreatised animal, whereas the respiratory quotient points dis- | 


tinetly in the opposite direction and would appear to indicate that 
little or no sugar is destroyed. This question, however, as pointed out 
by Starling and Evans, is very complex and it is difficult to draw 


definite conclusions though certain possible explanations might be 
advanced. 


Since it is well known that normal human blood has the property 
of destroying sugar when incubated at 37°, it was interesting to deter- 
mine the effect of diabetic blood. The literature contains several 


- discordant statements on this point. Several years ago Lépine(7) 
maintained that glycolysis was markedly affected in diabetic blood. On_ 
the other hand, MacLeod makes the statement that in experimental 


diabetes in dogs the blood does not lose its glycolytic power. Mac- 
Leod(é) further argues that the glycolytic activity of blood is too small 
to be of much importance in the normal metabolism of sugar. While 
this is probably true, it is likely that the process by which sugar is 


_ destroyed in blood is of the same nature as that by which it is 
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170 H. MACLEAN. 
destroyed in any other body tissue. In this case it might be expected 
that any general diminution of oxidation of sugar in the body would 
be indicated by a corresponding inability on the part of the blood to 


produce glycolysis—that any factor acting on any of the ordinary 
organs and resulting in decreasing their glycolytic activity would 


be operative to an equal extent in the blood. Thus, the state of blood — 


glycolysis would furnish an indication of the ability of the body in general 
to oxidise glucose. ig 


* 


The chief difficulty experienced in this investigation was the accurate — 


estimation of the sugar in small amounts of blood. For ordinary 


purposes, Bang’s(9) micro method: gives good results. Since it was 


unnecessary to restrict the amount of blood used in each determination 
to that recommended by Bang (‘1 gram on an average), a new method 


was introduced which gives very accurate results with 1 c.c. of blood 
and is capable of estimating minute differences in the amount of sugar — 


present. This method is a modification and extension of that already 
described by Gardner and MacLeani0) in which the blood was 
treated with dialysed iron and the reduced cuprous oxide formed on 
boiling with alkaline Fehling’s solution estimated by Bertrand’s method. 


Under certain conditions, this method gave excellent results, but it 
was always open to the criticism that some of the reduced cuprous — 
oxide might remain in solution in the alkaline copper mixture. Since — 
the cuprous oxide formed has to be filtered off before it can be estimated, _ 


it is obvious that the results necessarily depended on the complete 
separation of the oxide, and on the efficiency of the filter to retain it. 


_ When a freshly prepared alkaline solution was used, the results were — 
excellent, and very minute differences in the sugar concentration could 


be easily estimated. After some experience of the method, it was 
observed that old alkaline solutions were unsuitable; they invariably 


contained some impurity which prevented, to a greater or less extent, — 


the separation of cuprous oxide in a granular form. The impurity was 
derived from the glass of the bottle in which the liquid was kept. 


Special glass bottles were used, but the results were still unsatisfactory. — 
In these cases the granular red precipitate obtained with the alkaline 


solutions often separated in the colloidal state, so that total separation 


by filtration was impossible. This difficulty sometimes appeared when _ 


the alkaline solution had been kept for less than a week. As it was 
very inconvenient to make up fresh solutions every two or three days, 


and as the possibility of some cuprous oxide being retained in alkaline 
solution, even when freshly made up, was an appreciable one, a new | 
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- modification was worked out; in this the cuprous oxide formed was 


estimated directly in the alkaline copper liquid without a preliminary 
separation by filtration. The alkaline copper solution used was a 


modification of that described by Bang 9), but the of the 
estimation differs in certain essential points. 


Method of estimation of sugar in blood. 


General principles. The first part of the procedure consists in 


separating the protein of the diluted blood by means of dialysed iron 
and a neutral salt, as described by Michaelis and Rona. As filtration 
is greatly facilitated by the addition of a small amount of acid to the 
blood, some phosphoric acid is used for this purpose. The dialysed 


Iron employed should be free from acid and of a specific gravity not 
under 1:045. 


After the filtrate from the blood ‘has been obtained, the sugar 


. present is estimated by boiling the liquid with alkaline copper solution 
and estimating directly the cuprous oxide formed. In Bang’s method 
_ the alkaline copper solution is boiled with the sugar solution in the 


presence of excess of potassium chloride which holds the reduced 


substance in solution. After boiling for two minutes the amount of 
- @uprous oxide present in solution is estimated by adding standard 


iodine solution to the mixture. The amount of iodine absorbed by 
the cuprous oxide indicates the amount of sugar originally present. 
One marked disadvantage of Bang’s method is the extraordinary 
liability to oxidation of cuprous oxide when held in solution: to prevent 
this the final manipulations have to be carried out in an atmosphere 


_ of carbon dioxide. Even when these precautions are taken it is difficult 


to prevent some change from taking place. In the method now to be 


_ deseribed no potassium chloride is used and the cuprous oxide is held 


not in solution but in suspension. In this case an atmosphere of CO, 


' to prevent oxidation is unnecessary and can be safely dispensed with. 


At first the estimation of the cuprous oxide was carried out by 


_¢eooling the boiled mixture containing the cuprous oxide, and then 

adding a measured amount of an iodine solution containing potassium 
_ jodide and an exact amount of potassium iodate. This was followed 
_ by the addition of a slight excess of HCl which acted on the cuprous 


oxide to form unstable cuprous chloride and at the same time liberated 
iodine from the iodate solution in proportion to the amount of potassium 
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iodate present!. This liberated iodine was at once aici by the 
newly formed cuprous chloride, and an estimation of the amount 
absorbed indicated. the amount of cuprous oxide actually present. 
In the earlier experiments, HCl was added to the liquid containing 
the cuprous oxide, and afterwards excess of iodine, but. the resulte 
were always bad, apparently owing to the unstable nature of cuprous 
chloride. Accurate results were obtained, only, when the iodine was 
actually present in the solution at the moment of formation of the 
cuprous chloride. The strength of the iodine solution being known 


in terms of standard thiosulphate, the amount of iodine used up was" 


determined in the usual way with starch as indicator. 
Subsequently it was ascertained that the potassium iodide a 


potassium iodate could be added to the alkaline copper mixture so 
that only one solution was required. Such a solution is not changed _ 


on boiling and appears to be fairly stable; at any rate it keeps for 
some months. A measured amount of this liquid was added to the 
sugar solution, the whole boiled for a definite period and the oT 
oxide determined as described above. 

An important consideration in all cases in which alkaline copper 
solutions are made use of for the quantitative estimation of sugar is 
the time during which the sugar is boiled with the alkaline liquid. 


The nature of the alkali used is also of primary importance, es | 


in the case of weak sugar solutions. 
In Bang’s method the alkaline copper solution is boiled with the 


sugar solution for two minutes. In Bertrand’s-well-known method 
three minutes is the time given. These periods are purely arbitrary, 


and often do not suffice to complete the reduction; in such cases it is 
obvious that different results are likely to be obtained as the result of 


slight differences in the period of boiling. It is by no means easy to 8 


say when a liquid actually begins to boil, and the personal factor may 


_ be responsible for variations of several seconds. Since, then, variations 
may influence the result to a considerable extent, the limitation of the — 
boiling to these comparatively short periods tends to decrease the — 


: The weight of iodine theoretically liberated by the potassium iodate present inone 


solution used =-0038 grm. while the amount actually found =-0034grm. No special 
precautions had, however, been taken in the purification of the iodate. There is no 


evidence therefore that at the dilution used, and under the conditions described, any but 


inappreciable traces of iodine are liberated from the excess of potassium iodide reacting 
with the cupric salt. In experiments carried out with a solution similar to the one used 


here but containing no potassium iodate, the actual amount of iodine liberated as the | 


result of this interaction was equivalent only to about -2c.0. N/250 thiosulphate. 
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accuracy of the method. If the period is extended for some minutes 
more, the difference caused by slight personal errors with regard to 
the time of heating becomes less and less until ultimately, with a fairly 
long period of boiling, no appreciable difference is obtained even if 
the fixed period is doubled. In order to overcome the time difficulty 
a flame of a certain size was used, and the sugar solution boiled with 


the alkaline copper mixture for ten minutes, a reflux condenser being 


used to. prevent evaporation and keep the volume constant. | 
With weak sugar solutions, the weaker the alkali used the better 
the result. If fairly strong caustic potash is used, it appears that much 
of the sugar may be destroyed before it has an opportunity of reducing 
the copper present. If the amount of copper is increased, more cuprous 


oxide is obtained even when using the same strength of alkali as before. 


Under certain conditions a small decrease in the copper present gives 
rise to a much greater diminution in the cuprous oxide formed than 
does a comparatively large increase in the alkali. From these observa- 


_ tions, which have been repeatedly verified by experiment, it is obvious 


that the most suitable mixture for procuring maximum amounts of 
cuprous oxide fromi weak sugar solutions is one in which the copper 
is present in fair concentration while the alkali should be as weak as 
possible, The concentration of copper is of course limited by other 
factors, and under certain conditions, if excess is present, it separates 
as cupric oxide. After many trials, the concentration mentioned below 
was found very suitable. 2s. 

- Details of method for separation of protein. By means of a suitable 


pipette, 1 c.c. of blood is measured out into a mortar and to this 20 c.c. 
_ of distilled water are added. For very accurate work, I have used one 


of Hawksley’s special pipettes graduated “to contain” 1c.c. blood 


under standard conditions. The blood from this is run into the distilled — 


water and falls to the bottom, leaving a considerable amount of clear 
liquid which can be sucked into the pipette several times; by this 


means the last traces of blood are removed from the pipette. For 


ordinary work 1¢.c. blood can be measured with sufficient accuracy 
by mégns of any suitably graduated 1 c.c. pipette. The mixture of 


- blood and water is now stirred up by a pestle, and 2 c.c. of a°5°/, solution 


of phosphoric acid added. After mixing thoroughly, 15 c:c. of dialysed 


- iron are run in from a burette, the mixture thoroughly stirred and 
finally 2 c.c. of a saturated aqueous solution of sodium sulphate added. 


On stirring this, the whole mixture at fitst forms a thick paste which 
gradually becomes more fluid, 
PH. L 
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To facilitate separation of the liquid the whole is now poured on 
to a filter paper contained in a funnel. In the funnel, a piece of well- — 
washed calico is placed so that the calico lies between the glass of the 
fannel and the filter paper. The ends of the cloth are now brought 


together over the filter paper and_ pressure gradually exerted.- By 


this means most of the liquid of the pasty mass can be separated. When 
carefully done the fluid obtained is quite clear, but it is much better — 


to press the liquid through rather quickly. In this way a more or 


less turbid solution is obtained, which, on again filtering through a 
small filter paper, gives a water clear fluid. The total volume of the 
original pasty fluid was 40¢.c. and of this over 30c.c. can be easily 


- obtained. For the sugar estimation 20¢.c. are used. This dilution 


of 1 ¢.c. of blood to 40c.c. has the advantage of overcoming to a great 
extent any tendency to loss of sugar by the process of adsorption; any 


adsorption that can occur under these conditions must bear but a 


very small ratio to the total sugar present. 
| Details of method for eatimation of sugar in filtrate. For this the 
following solutions are required : 
(i) an alkaline copper solution containing iodine compounds, 
(ii) an N/250 sodium thiosulphate solution, 
(iii) starch solution, 


__ (tv) concentrated hydrochloric acid solution. 


These solutions have the following composition: t 
(i) Alkaline copper iodine solution : 


‘Potassium bicarbonate .. 
Potassium carbonate. ... 
Copper sulphate (5°/, aqueous elution lbc.c. 
Potassium iodide 1 gram 
Distilled water to 100 c.c. 


In making up the solution, the 20 grams of potassium bicarbonate 


are dissolved by gentle heating in about 50 to 60c.c. of water. The 


potassium carbonate is then added. Without waiting for the whole 
of this to dissolve, add gradually with gentle shaking the 15c.c. of 
copper solution. After the resulting effervescence has ceased, make 
up to nearly the total volume with distilled water and dissolve any 
remaining potassium salt by warming gently if necessary. Then the 
potassium iodide and iodate are added, a when dissolved the whole 
is — up to 100c.c. - 
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Great accuracy must be observed with regard to the amount of 
copper added; the solution must be exactly 5°/,; also the potassium 


_iodate must be accurately weighed out; the remaining 


need not be so carefully measured. 

(i) N/250 sodium thiosulphate solution. This is prepared from 
pure sodium thiosulphate crystals which have been ground up with 
alcohol, the alcohol filtered off, the residue treated with ether and 


dried in the air. The crystals are preserved in a well-stoppered bottle ; 


of thec¢ crystals 2-4827 grams dissolved in distilled water and made up 


— 0-100 ¢.¢. give an N/10 solution from which an N/250 solution is prepared 
with distilled water. An N/10 thiosulphate solution when preserved — 
- from light in a dark well-stoppered bottle keeps its titre for a 
comparatively long time, whereas the dilute N/250 solution is rather _ 


unstable and must be prepared fresh each day from the stronger 
N/10 solution. 

(iii) Starch solution. Starch solution is prepared by boiling about 
1 gram of some soluble starch with 100 c.c. water and cooling. 

(iv) Hydrochloric acid solution. This must be the pure concentrated 
acid solution, sp. gr. 1-16 (B.P.). 

The alkaline copper iodine solution is standardised as regards its 


- iodine content by taking exactly 3c.c. of the mixture and diluting 
_ with 20 c.c. distilled water. On adding to this 2 c.c. strong hydrochloric 
acid, iodine, equivalent to the potassium iodate present, is set free. 


After shaking gently and standing for half a minute a few drops of 
starch solution are added, and N/250 thiosulphate solution run in from 
a burette until the blue colour'disappears. The end point is very sharp 
and easily ascertained. The exact amount of thiosulphate required 
for the total iodine liberated from 3 c.c. alkaline mixture depends some- 
what on the nature of the samples of the iodate and iodide, but it should 
be between 20 and 21c.c. The samples used gave the titre, 3c.c. 
alkaline copper iodine solution = 20-6 c.c. N/250 thiosulphate, when 
the solutions were made up as above described. 

In carrying out an estimation in blood, 3c.c. of the copper iodine 
solution are added to 20 c.c. filtrate obtained as described. The mixture 
is boiled in an Erlenmeyer flask of 100 c.c. capacity, a reflux condenser 
being used. The strength of the flame should be such that the mixture 
is brought to the boiling point in about 1 minute 30 seconds to 1 minute 


60 seconds. This need not be at all exact, but the times mentioned 


give the best results. If many experiments are to be carried out, it 
is well to use a small manometer by means of which the pressure of gas 
12—2 
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ean be indicated?. Variations in gas pressure can thus be easily 
regulated, and once the strength of flame required is ascertained by 


experiment, this can always be repeated. It is advisable not to use 
cork with the reflux condenser; a very simple and effective method 


- is to cut off the lower projecting part of the inner tube of the condenser 


and to place the lower part of the jacket on the mouth of the flask. 
- The well-known plan of placing a test-tube through which water 
is circulating in the mouth of the flask is also quite suitable. The 
period of heating is exactly 10 minutes from the moment when the 
flask is placed over the flame. The flask is then removed and its 
contents thoroughly cooled by holding it in a stream of running water 
for at least one and a half minutes. 
_ Thorough cooling 1s essential for accurate results and its importance 
is strongly emphasised. When cool, 2c.c. of concentrated hydrochloric 
acid are added, and after effervescence has subsided the contents are 
gently shaken for half a minute*. A few drops of starch solution are 
then added and N/250 thiosulphate run in until the blue colour disappears. 
Since we know the total number of c.c. of thiosulphate equivalent to 
the three c.c. of the alkaline copper iodine solution used, if is obvious 


that any difference found must be due to iodine which has been absorbed 


by the cuprous chloride formed. By referring to the table the amount 
of sugar equivalent to any given amount of standard: thiosulphate is 
ascertained. 
Thus the sugar in 20 c.c. filtrate is estimated, and since the total 
volume to which the 1 c.c. of blood was diluted is 40 c.c. the amount 


of sugar in this amount of blood is obtained by multiplying the result 


by 2. From this, the percentage of sugar is easily calculated. By 


this method, when. carried out as directed, very accurate and con- 


sistent results can be obtained. In blood the absolute results as 
pointed out by Bang are somewhat high and about -01°/, should be 
subtracted from the result. Obviously, for comparative experiments 
on glycolysis no such correction is necessary, and this small error is 
of no practical importance. The whole operation of estimating sugar 
does not take more than 15 minutes. The quantities of solutions 


recommended were found to be most suitable for ordinary blood 


work and are suitable for diabetic bloods containing up to nearly 


A very suitable arrangement is desoribed and figured y Cole. See Biochem, 
Journal, vim. p. 137. 1914. gured by Cole. See Biochem, 


* The time between the addition of the goid and the beginning of titration should be 


exactly one minute. = 
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able giving relation of 1/200 to 


sulphate mgs. ‘sulphate mgs. sulphate mgs 
040 = 0-05 4-84 = 0-57 954 = 1-06 
- 060 = 495 = 0-58. 9-63 = 1-07 
O78 = 0- 5-05 = 0-59 — 9-72 = 1-08 
0-86 = 011 5156 = 0-60 981 = 1-09 
0-93 = 0-12 5-24 = 0-61 9-90 = 1-10 
101 = 013 533 = 0-62 9-99 = 1-11 
110 = 014 541 = 0-63 10-08 = 1-12 
1-17 = 015 550 = 0-64 10-17 = 1-13 
1:25 = 016 559 = 0-65 10-26 = 1-14 
1-32 = 017 5-67 = 0-66 10-35 = 1-15 
1-40 = 0-18 582 = 0-67 10-44 = 1-16 
1:48 = 019 5-91 = 0-68 10-53 = 1-17 
1-55 = 0-20 = 069 10-62 = 1-18 
1-63 = 0-21 610 = 0-70. 10-71 = 1-19 
71 = 0-22 6-19 = 0-71 10-80 = 1:20 . 
1-79 = 0-23 627 = 0-72 10-89 = 1-21 . 
1-89 = 0-24 6-36 = 0-73 10-98 = 1-22 
1-98 = 0-26 = 0-74 11-07 = 1-23 
2-08 = 0-26 653 = 0-75 11-16 = 1-24 
218 = 0-27 6-64 = 0-76 11-25 = 1-25 
2-28 = 0-28 675 = 0-77 11-34 = 1-26 
2-37 = 0-29 686 = 0-78 11-43 = 1-27 
246 = 030 695 = 0-79 11-52 = 1-28 
2-54 = 031 7-04 = 0-80 11-61 = 1-29 
2-62 = 0-32 712 = 0-81 = 1-30 
2-71 = 0-33 721 = O82 11-79 = 131° 
2-80 = 0-34 ~~ 730 = 0-83 11-88 = 1-32 
2:89 = 0-35 7-39 = 0-84 11-97 = 1-33 
2-98 = 0-36 7-48 = 0-85 12-06 = 1-34 
3-08 = 0-37 7-57 = 0-86 «12-16 = 1-36 
318 = 0-38 7-66 = 0-87 12-24 = 1°36 
3-27 = 0-39 7-15 = 0-88 12-33 = 1-37 
3-36 = 0-40 7-84 = 0-89 12-42 = 1-38 
= 0-41 793 = 0-90 | 12-51 = 1-39 
3-52 = 0-42 $00 = 0-91 12 = 1-40 
361 = 0-43 8-09 = 0-92 1269. = 
369 = 0-44 8-18 = 0-93 12-78 = 1-42 
3-78 = 0-45 - 827 = 0-04 12-87 = 1-43 
3:04 = 0-47 8-47 = 0-96 13-05 = 1-45 
= 0-48 858 = 0-97 13-14 = 1-46 
411 = 0-49 $67 = 0-98 13-23 = 1-47 
4:20 = 0-50 8-76 = 0-99 13-32 = 1-48 
428 = 061 8-87 = 1-00 13-41 = 1-49 
436 = 0-52 8-98 = 1-01 13-50 = 1-50 
4-45 = 0-53 9-09 = 1-02 13-69 = 1-51 
455 = 0-54 9-21 = 1-03 13-68 = 1-52 
= 0-55 $32 = 104 . 3877 = 153 
7) #14 = 056 943 = 106 | 1386 = 154 
for instance, 


ll 


elkaline copper solution = 20-62 0.0. 
and 3c.c. alkaline copper solution 
5 The sugar present is equivalent to 5-41 ee 
—_—— = 0-63 mg. sugar. 
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‘sulphate mgs. 4 
| 13-95 = 1-55 3 
14-04 = 1°56 
1413 = 157 
| 14-22 = 1-58 4 
14-31 = 1-59 
14-49 
14-58 
14-67 
14-76 
14-85 
14-94 
15-03 
15-12 
15-21 4 
15-30 
15°39 4 
15-48 
15-57 
15-63 é 
15-72 
15-81 
15-90 
16-00 
16-10 
| 16-20 
16-29 
16-39 
16-49 
16-59 
16-69 
16-80 
16-90 
17-00 
17-10 
17-20 
17-30 
17-40 = 1-92 
17-50 = 1-93 
17-60 = 1-04 
17-70 = 1-906 
17-80 = 1-96 
17:90 = 1-97 
18-00 = 1-98 
18:10 = 1-99 | 
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0-4, sugar!. If, however, there is any reason to suspect that the blood 
sugar is higher than this, it is best to take 10 or 15 ¢.c. of the filtrate 
instead of the usual 20 c.c. and make up to 20 c.c. with distilled water. 
Although dealing with very minute amounts of sugar, the above method 


- does not suffer from the drawbacks of many of the so-called “ micro- 


methods” since all the steps are carried out with sufficient amounts 
of ‘material to render very fine manipulations unnecessary. The 
slightly too high results obtained depend on the fact that when 
the filtrate from blood is boiled with alkali a small amount of some 
iodine absorbing substance other than cuprous oxide is formed. ‘The 
amount of this substance produced can be determined by dividing 
the blood filtrate into two equal parts. Both parts are treated in the 
usual way except that to one of them 3 c.c. of a solution exactly similar 
to the alkaline copper solution, but containing no copper, is added. 
From a knowledge of the.amount of iodine absorbed in this case, and 
the amount absorbed by the alkaline copper solution, the quantity 
taken up by the cuprous oxide can be estimated. It must be noted, 


however, that when sugar itself is boiled with alkali, it gives rise to 


a small amount of substance which absorbs iodine. A sugar solution 


of such strength that when estimated in the ordinary way it absorbs — 


iodine equivalent to say 11 c.c. of N/250 thiosulphate, will, when boiled 
with alkali alone under the same conditions, absorb iodine to the extent 
of lc.c. of N/250 thiosulphate. In estimating pure sugar solutions 


by this method the total number of c.c. of standard thiosulphate used 


is the result of two factors—the small amount of unknown substance 
formed by the sugar which is responsible for >, of the total absorption, 
and the cuprous oxide formed which absorbs the remaining }?. In 
making estimations with a view to correction this point must be allowed 
for. 


Suppose we have an unknown strength of sugar solution containing 


some substance which after boiling with alkali will absorb iodine, 


how can we find the amount of this unknown substance present ? 


Let X = the total reduction due to sugar in terms of standard thiosulphate. 
Let Y = the total reduction due to other substances. 


When the sugar is estimated in one fraction in the ordinary wa , we ha from the 
above considerations, 


X+Y¥= umber of c.c. standard thicsulphate used while, when another fraction 
is estimated by boiling with alkali in the absence of copper, we have — 


I/ll X + ¥ = number of 0.0. standard thiosulphate used. 
In ail my later experiments on disbetic blood 16 of filtrate were used. 
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From this it is to caloulate the amount of cuprous oxide present; this is taken 
In all ordinary blood sugar estimations, however, these refinements are quite un- 


» An considering whether glycolysis in diabetic blood differed in any 


way from that in normal blood, it was necessary to ascertain definitely 


whether the addition of sugar to normal blood had any effect on gly- 


colysis. The statements regarding this point are quite contradictory, 
some observers maintaining that’ addition of a small amount of sugar _ 


_ to the blood increases the glycolysis, whilst others assert the contrary, 


If addition of sugar to normal blood, to the extent of, say, ‘3°, or 
so, caused increased glycolysis, it is obvious that in diabetic blood 
containing excess of sugar this point would have to be considered, in 
comparing the relative glycolytic activity of normal and diabetic 
bloods. A number of experiments carried out showed that the glyco- 
lytic power of normal blood. was the same whether or not sugar was 
added. As -4%/, or so is about the maximum met with in diabetic 
bloods no higher concentrations were tried. | 

The following experiment shows the result obtained in one case: 


Exr. Freshly drawn blood containing -1°/, potassium oxalate was divided into 
three parts and sugar added to two of these. The actual amount of sugar present in each 


Sugar before Sugar after Me sugar 
1 089 013 76 
2 +272 74 
3 “358 77 


For the purpose of comparison with diabetic blood, the results 


obtained in testing seven normal bloods for glycolysis are recorded.” 


Taste Glycolysie in normal blood. 


= 
2 Per - 
> 
ws 
= 
three samples before and after three hours incubation was then estimated. ; 
| 
x 
‘ 
, A 
i 
4 
4 
Blood sugar Blood Loss of sugar ‘ 
in percentage in percentage in mgs. per ’ 
Hours of before after 100 c.c. q 
; incubation incubation incubation per hour e 
8-50 
4 +109 075 
4 082 029 13-25 
4 081 022 14:75 
+ *150 081 17-25 
036 19-66 
3 095 
4 022 24-75 
Average 163 a 
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The blood was obtained in each case from a vein in the arm, coagula- | 
tion being prevented by the addition of -1°/, potassium oxalate. The 
sugar content was immediately estimated by the method described 
in a fraction of the blood, while the remainder was incubated at 87°. 
The period of incubation in the majority of the experiments was from 
three to four hours: This is sufficiently long to give marked glycolysis, 
while too short for bacterial growth. . ‘Tn many cases the blood was 
shaken several times during the incubation. The sugar in the incubated 
in duplicate. : 
~The results indicate that there is practically no ditties between 
the glycolytic activity of normal and diabetic blood. Indeed, in some 
cases, diabetic bloods were found to be more active than certain speci- 
mens of blood from normal persons. In one or two moribund cases 
it is true that glycolysis was found to be very deficient, but it would 
seem that this was probably due to circumstances not essentially 
connected with the diabetic condition. In one very severe case the 
_ patient at one period showed deficient glycolysis, but though he quickly 
became worse with very severe symptoms, it was found later that his 
_ glycolytic activity was fairly good. Here the temporary depression 
must have been due to some special cause and not the result of his — 
diabetic condition, since he was rather worse clinically at the time when 
his blood showed glycolysis than formerly when - function was - 
apparently depressed. 

examined, and with the exception of the few instances above referred to 
no evidence whatever of deficient glycolysis could be obtained even in — 
the severest cases. In each of the special cases mentioned death took 
_place very shortly after the estimation had been made so that they can 
hardly be regarded as suitable for the investigation. ; 

Again, it is not improbable that in these cases the blood might have 


contained some sugar-forming substance such as glycogen which 


produced sugar during theincubation:’ in such a case’ any sugar 
destroyed might well have been replaced and no evidence of glycolysis 
would be obtained. At any rate, whatever the explanation, it is 

obvious from the appended table that the blood of the diabetic organism 
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1 severe 4 “420 336 21-00 
Early caso (mild) - 3:  -166 123 18-20" 

Severe (coma) 34 “227 236° 

4  Bevero(coma)- 3 236: 400 
“Moderately severe 360 10-00 
Severe 3 “420 18-66 
9 Very severe 14-75 
10 Very severe (coma) 4 “250 “135 28-75 
ll Severe 4 +334 250 21-00 
Severe 4 199 128 17-15 
13 Severe 9196 12-75 
14 Severe 4 -336 15-00 
16 — 3 ‘167 120 15-66 


Average of 13 cases (Nos. 3 and 4 excluded) 18-29 


From these results it would appear that the destruction of sugar 


in diabetic blood does not differ from that obtained with normal blood. - 


If, therefore, it is assumed that the mechanism by which glycolysis 
in blood is brought about is similar to that by which sugar is destroyed 


in the other tissues, the obvious conclusion to be arrived at is that the _ 
disbetic tissues have by no means lost the power to destroy sugar. 


‘ My best thanks are due to Dr A. D. Gardner for his valuable 
assistance in this work. 


ConcLusions. 
A forthe: cetimation: of sager-in blood is. described. 
- There is no decrease of glycolytic power in diabetic blood; if the 


mechanism of sugar oxidation in the blood is similar to that in the 


tissues, it must be inferred that the diabetic — 
the power to destroy sugar. 


‘This research was carried pat ofan invention for which «gant has bee 
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STUDIES IN CALCIUM METABOLISM. I. THE DE- 


POSITION OF LIME SALTS IN THE INTEGUMENT 
OF DECAPOD CRUSTACEA. By J. H. PAUL AND 
J. 8. SHARPE. 


(From the Physiological Department of the of 
and the Marine Stations at Millport and Cullercoats.) 


_ ‘THe process of moulting i in decapod crustacea is a phenomenon which 


has received much attention from biologists in the past, but it is one 


~ which should yet yield many facts of general physiological interest 


to the inquirer. Moulting i is only the most noticeable part of a cyclic 


‘metabolic change in the crab. It comes at the end of a period when 
_ storage of reserve material has been the chief business of the animal, 


and it marks the occasion of new birth to the tissues, and the oppor- 


tunity of increase in size for them. The special point towards the 


elucidation of which the following researches were conducted was the 
re-armouring of the integument with calcium carbonate after the old 
shell i is lost. 

A brief summary of the conditions before moulting is necessary Lie, 


For a few days previously the crab refuses food and lives a very inactive — 
~ Tife, taking advantage of any shelter available. The shell can be readily 


picked off the limbs and body and a new soft, velvety integument is 
revealed. Fishermen on the north-east coast of England call crabs 
“Pillans” when they are in this condition. If a crab at this stage be 


denuded as far as possible of its hard shell, it is found that no increase 


in the size of its body takes place as it does when the animal leaves 
its shell naturally(7). The soft integument certainly becomes more 


| leathery, but the presence of calcium carbonate cannot be demonstrated — 


in it. It is therefore evident that certain internal conditions must be 
fulfilled in order that deposition may occur. The rapidity of this 


deposition of calcium is very great. Within an hour of casting, bells 
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of carbon dioxide are evolved from integument immersed in hydro- 
chloric acid, showing the presence of a carbonate, whereas, immediately 
after moulting the presence of carbonates cannot thus be demonstrated’. 
Vitzouad) has studied the structural changes in the integument 
throughout the moulting cycle, and Witten@) has added some 
interesting points to our general knowledge of the process, but no one 
save Schénborn@) has given attention to the chemical side. This 
worker has carried out some investigations at Naples on Carcinus and 
Maia, and he gives figures showing the weight of crabs before and 
after moulting. In addition, the amount of glycogen in the gland was 
determined and calcium was estimated as the oxide, for the whole 
animal. We have studied more fully the inorganic analysis of “the 
digestive gland” (hepato-pancreas, Griffiths(4)) with the definite 
object of finding out the nature and extent of the storage of calcium and 
the manner in which the animal mobilises its supplies and transmits — 
- them to the integument. Transmission must, of course, be through ~ 
the blood, and the amount of calcium and other inorganic bases in this — 
fluid was determined. Further investigations were also carried out | 
on the blood to find the carrier of calcium. | 
It has been stated above that the deposition of lime in the shell 
is very rapid, but it must be mentioned that different animals vary — 
in this respect. The common lobster, for example, takes about three 
_ months to lay down a shell 60°/, of the thickness of that existing before — 
_ moulting. This is the case when the cast is removed from the tank’ 
in which the lobster is kept; but if the old shell i is not removed we — 
have noticed that it may be completely eaten by the animal. In one 
such case the lobster was hard in ten days. The edible crab (Cancer) — 
differs very much from the lobster in this respect. It never eats its 
cast, and small animals of this species may harden in a week to the 
extent of 60°/, or more of the weight of the old shell, even in the absence _ 
of food (cp. 1 and 3, Table V). It has been argued by some that the — 
calcium thus laid down in the shell is derived directly from the sea water, 
but an experiment carried out by one of us shows that this cannot be 
the case. A newly moulted crab was placed in three pints of water 
and @ good supply of air given it. In ten days its shell was about 
60°/, in weight of the discarded one. As no food was given and as the 
calcium obtainable from the sea water was less than a milligram or two, - 
we must conclude that the crab laid down a new shell from stored : 


| 1 80% of the shell of Cancer is CaCO,, but in the lobster CajP,0, forms a large bulk 


of the inorganic matter. 
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material, An analysis of its gland after these ten days is given below. 
(No. 4 Table II.) 


The hepato pancreas is one of the organs which changes most in 
bulk throughout.the moulting cycle in decapods. Its dried weight may 
be eight times as great before moulting as it is when hardening of the 
new integument is well advanced (Table I). Its physiology, so far 
I, Edible crabs. 

| weeks | Crab approaching 


Total weight 134-8 gms. 1066 gms. 
Volume of blood 27 9 

Amount of fresh gland 6-8 gms. 13-8 gms. 
Amount of dried gland 1-1 gms. 5-6 gms. 
Water in gland... ... 5:7 gms. 8-2 gms. 


as dissotion is concerned, has been investigated by Griffiths(4) and 


by Roaf(), The point which has bearing on our researches is that 


fat-splitting enzymes are present. No one has yet studied the inorganic 
constituents of the gland, and it was on this account that we selected 
three typical decapods and examined glands at various times before 
and after 

Methods. 

The wane weré collected from the shore and Sesh creels set sins 
tide marks. Many were got in the soft condition on the shore but all 
our exact calculations are based on results obtained from crabs which 
-moulted in captivity. The animals were bled through openings in the 


 arthrodial membranes of the limbs and the glands were dissected out 


as completely as possible. It was not possible in every case to obtain 


the whole. Both blood and gland were preserved in measured 


quantities of pure spirit. 
The blood analysis was carried out with volume as the standard, 
but in the case of glands the dried weight (gland dried at 100%) was 


. taken asa basis. This latter procedure was-adopted because the glands 


could not be weighed at the time of their removal, and because there 
is no element of constancy in the amount of water present. In estimating 


the ash, the dried glands were subjected to gentle ignition until all — 


free carbon formed had disappeared. The organic matter was deter- 


mined by difference. 
_ Phosphates. The whole of the ash, the weight of which was known, 

_ was dissolved in 50 °/, hydrochloric acid, boiled and filtered if necessary. 
To the filtrate excess of ammonium pyaate was added which precipitated ; 
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the double phosphates of calcium and magnesium. These were allowed 


to settle, were filtered and washed well with hot water, dried, ignited 


and weighed. The amount was calculated to Ca,P,0,. An analysis 


of this precipitate showed it to contain about 165%, of magnesium . 


| phosphate. (See Table IT.) 


Soluble calcium compounds, i.e. compounds in excess of those 
precipitated as phosphate. To the filtrate from (1) ammonium oxalate 


was added and the solution brought to the boil. The precipitate 


of calcium oxalate was allowed to settle over night after which it was 


- filtered through a single Swedish paper and thoroughly washed with 
hot water. It was then shaken up with hot dilute sulphuric acid 
which breaks up the oxalate into calcium sulphate and oxalic acid. 


The filter was again thoroughly washed and the oxalic acid titrated 


with N/10 permanganate in the usual way. 

_ Soluble magnesium compounds. To the filtrate from the oxalate 
. preeipitate of (2), sodium phosphate solution was added and the mixture 
agitated. The precipitate of ammonium magnesium phosphate allowed 


to settle was filtered and washed with ammonia water, and was then 
dried and separated from the paper. The paper was ignited first, 
then the precipitate was added and ignited to —-* pyrophosphate, . 


Potash .and soda salts. These were estimated by difference. 


Copper. Estimation was made by the well-known colorimetric 
methods, either by the colour given in ammoniacal solution, or the 

‘more delicate purple-brown colour produced by adding a 4°, solution — 
ae potassium ferrocyanide to a neutral solution containing a little — 
ammonium nitrate. For both methods a standard solution of copper — 


(1c.c. mgm.) was. employed for comparison. Iron was present 
only in traces, and it was not estimated. 
Oa was extracted from the glands by ether which was subsequently 
evaporated off, and the weight of the oil so found. 
Volatile fatty acids from the blood. The procedure in this case was 
‘very similar to the estimation of the volatile fatty acids in butter. 


The steps in the process were as follows: Saponification of any free 


fatty acids; the freeing of the total fatty acids with dilute sulphuric 
acid and extracting them with ether; evaporation of éther: second 


saponification of acids by alcoholic soda; evaporation of alcohol; 


liberation and distillation of fatty acids in dilute sulphuric acid. The 


acids were distilled into N/10 sodium m hydrate and the number of c.c. id | 


neutralised was found. 
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SALTS IN CRUSTACEA. 
1). Changes in the gland. 


Cancer ‘pagurus (the common edible crab) hardens more 
than any decapod we have examined and, as it eats little after moulting 
till it has replaced its armouring, it must be regarded as the species. 


: which stores calcium to the highest degree. Six individuals were taken _ 
and Table II shows percentage results of analysis of the dehydrated 


gland. 


preparction for the moult | 


Number of days from moult 1 before after 8after 10 after 60 after 200 after 


le To "lo *le 
Total dried gland: = 10 100 100 00 £10 
Ash 21:1 248. 12-08 16-2 8-4 4-2 


Ca(X)soluble ... ‘ll 0 0 0 traces 
Na, K, and a “as 3 19 1-7 8-7 143 8-83 19 
Cu and Fe traces traces traces traces traces traces 


Analysis of phosphate Ca,P,0, = 835%; Mg,P,0, = 165%; Fe 

and Cu = traces. | 
It is evident that there is, firstly, great storage as insoluble 
phosphate in the gland before moulting, and secondly a storage of oil. 
The relative bulk of the dried gland in I' was at least ten times as 
great as that in 5. The former therefore contained many hundred 


~ times ee amount of calcium phosphate that the latter contained. — 


Tastx III. Analysis of the gland of Lithodes. 


Soft crab Hard crab 
after moult 
Dried gland : 100 100 
43-9 12-4 
Ash  ... 61. 8-09 
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The gland of Lithodes maia (the stone crab) was next examined. — 
This crab is an anomuran, and-the process of hardening is much slower 
than that in Cancer. As it is a comparatively rare species only one 
soft animal could be got, and Table ITI gives the analysis of blood and 


‘gland of this animal and of one midway between the moulting periods. 


The table shows that the storage of Ca is slight, whereas oil is seen — 

to be present to a very considerable extent in the soft crab. = : 
In the other species examined, viz. the common lobster (Homerus — 

is), there seems to be no storage at all.. The following are the — 

Taste IV. Glande of lobsters, 

_ Number of days after moult “Pillan” 1 7 30 

Organic... 1068 6516 8065 ~ 8226 

ove 10-16" 

16 

18 


Ash 5-02 4-64 ‘225 
Analysis of ash: 
K, Ne, and ... 
Ca 


Table TV shows that the lobster stores a considerable amount of oil — 
before moulting, but the storage of calcium,’ which was so marked in 
Cancer, is not present. A considerable amount of copper. seems to be 
constantly present in the gland. The increase of calcium phosphate 
in 4 is only apparent, for the gland has decreased by about 30°, in | 
bulk and thus the percentage value of the calcium is raised. , 

The examination of the analysis carried out on these three typical 
decapods demonstrates that there is considerable variation in the _ 
degree to which calcium is stored. We do not intend to discuss here 
the evolutionary significance of the facts, but it should be noted that 
the most highly specialised species examined, viz. Cancer, stores to 
the highest degree. Calcium is found in the gland as amorphous 
insoluble phosphate, and since the interest, of the present investigation 
centres round the carriage of this element to the integument, further 
pre san were confined almost exclusively to the blood and shell 
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(2) Changes in the integument. , 
The following table gives figures regarding the integument of the 
crabs used for in Table II. 


| ‘Taste V. Weight of integument of edible erabe 
Breadth of carapace .:. om. T6om. 1250m. 1580m. 15-7 om. 
Number of days from moult lbefore lafter Safter 10 after 60 after 200 after 
Wet. per sq.com.ingms.... 0719 0066 0716 0406 -1622 -1816 
of CaCO, 88 82 80 


: The integumenta were from the crabs used in Table II. They are in the.same order. 


Examination of Table V shows that deposition is at first very rapid 
but that it gradually decreases as the thickening of the shell approaches" 


completion. Comparison of 1 with 4, and 5 with 6 demonstrates this 


_ fact, for these crabs are of almost the same size and age respectively. 
The same is the case with the lobster, eats dat 


1, 
after the moult. | 


B = Weight of inorganic material present in the same area. x 
PH. L. | 13 
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SuMMARY. 


(1) After moulting there is a rapid deposition of calcium carbonate 


in the shell of decapod crustaceans. 


(2) In the edible crab calcium phosphate is present in the hepato- 


pancreas to the extent of about 20% of the bulk of the eee imme- 
diately before moulting. — 

(3) After the shell has hardened this calcium salt is practically 
absent from the gland. 


(4) The lobster does not store calcium in its gland as the edible — 


crab does, but Lithodes maia, the stone crab, shows a slight storage. 


(5) Oil is present in large quantities in the gland before moulting. 


It comprises from 20°, to 50°/, of the total weight. When the shell 


has hardened it has almost disappeared, like the calcium salts. The 


jodine value is in inverse tatio to the quantity of we and to the qemauty 
of calcium. 

(6) The volume of the blood is markedly ict ate immediately 
after moulting. It may then be ten times as great as it was before 
moulting. Thus the total amount in circulation is greatly increased, 
although the percentage of calcium is practically constant. - 

(7) Calcium is probably present in the blood as a salt of a fatty 


acid, and, since formic and butyric acids have been proved to be present 


in combination with some base in the blood, they are to be regarded 
as the carriers of the metal. They are the members of the fatty ong 
group which most easily dissolve calcium salts. 

The above researches were carried out in the Physiological Dept. 
of Glasgow University. We have to thank Prof. D. Noél Paton for 
his constant encouragement and advice. 

The material was obtained from the Marine Stations at Millport, 
Cumbrae, and Cullercoats, Northumberland, and we acknowledge the 
courtesy extended to us by Mr R. Elmhirst and Prof. Meek ‘at these 
laboratories. 


Hi. P.) from 
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OBSE RVATIONS ON THE NERVE ENDINGS, RECEPTIVE 
SUBSTANCE AND CONTRACTILE SUBSTANCE OF 
MUSCLE. By D- NOEL PATON AND LEONARD 
-FINDLAY. 


(From. the Physiological University of Glasgow.) 


In the course of an investigation of the effects of removal of the para- 
thyroids on the electrical excitability of the peripheral neuro-myal 
mechanism and while attempting to ascertain the situation of the changed 
condition, certain results were obtained which seem to throw light upon 
the characters of the “receptive substance” of muscle and upon the 
action of curare.on it and on the nerve endings. — 

 Langleya) arrived at his conception of a “receptive substance” 
and at the conclusion that curare acts upon it and not upon the nerve 
endings by a study of the antagonism of nicotine and curare. The 
work of Keith Lucas@) lends support to the view that such a sub- 
_ Stance exists in proximity to the nerve endings in muscle, but it does 
not touch the’ question of whether curare does or does not act upon these 
endings. Worthington’s experiments@) on sodium and potassium — 
sulphocyanide seem to show that these substances act upon endings. 


Our experiments were made upon cats. Galvanic stimulation through 
the skin was used, a small metal pole covered with chamois leather being 
applied in the usual ‘way (a) over the posterior tibial nerve on the 
outer aspect of the ankle and (b) directly over the outer belly of the 
gastrocnemius muscle. The skin was shaved, and the accuracy of the 
observations of contractions made through the skin was in some cases 
tested by removing the skin from the lower part of the muscle and 
directly observing the fibres. The part of the muscle stimulated is 


distant from the point of entrance of the branch of the posterior 


tibial which supplies it on its inner aspect. The current strength was 
‘measured in milliamperes by means of a milliampere-meter of the 
d’Arsonval os When curare was used the cats were first decapitated 
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(3) Changes in the blood. 


Before stating the results of analysis of the blood,—the medium 
by which the calcium must, of course, be conveyed from gland to 


integument,—it is necessary to describe briefly the changes which take 


place in it at the time of moulting. In the first place the bulk is markedly 
altered. In Table II, 4 had about ten times as much blood as 1, while 


from 5, 164¢.c. were obtained, whereas from 6 only 72¢.c. could be © 
drained. The volumes of blood given in Table I may be compared 
with these. It has been definitely proved that there is a greatinflux. 


of water from the surrounding medium, through the alimentary canal 
and gland into the blood system when the animal moults (Cuénot(6)). 
A conclusion drawn is that in the process of diffusion through the gland 
this water carries with it the calcium and other salts deposited there. 


But analysis of the blood does not support this view as the following 


"Tanta VI. Analysis of the blood of edible crabs, 
Ca(X)soluble® ... ‘168 4 
Mg other than phosphates — 3-46 1-28 . 2 42 
- Number ofdaysafter moult 1 8 60 200 


The bloods were from crabs 2, 3, 5, 6, respectively, in Table II. 
: * Unknown salt calculated to CaCQ,. 


The amount of calcium in solution is practically constant, as is the 


ash. The amount of organic material changes, however, as does the | 


amount of magnesium. The latter is stored in the gland before 
moulting and disappears as hardening proceeds (Table IJ). 
The facts, so far, are therefore as follows. In the hepato-pancreas 


of Cancer there is a great storage of calcium in the form of insoluble ~ 


phosphate before moulting. There is also a marked storage of oil. 
When the animal casts its shell it starts life again with a soft integument 
in which calcium carbonate begins to be laid down at once. With 
the increase in thickness of the shell the stores of calcium and fat 
. ‘disappear from the gland. In the blood the percentage of calcium 
remains practically constant, though the total amount is increased. 


There must therefore be a very active means of carriage to allow of 


the rapid deposition in the shell, 
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(4) Mode of transference of calcium. - 
Our tables of analysis of the blood show that the calcium is in an 


unknown soluble form (Ca (X)), because it is not accounted for by the 


total amount of sulphur or chlorine present. We therefore looked for 
some organic acid capable of forming soluble compounds with calcium. 
Attention was at once directed to the fatty acids because of the great 
storage of oil in the gland and its exodus from that organ along with 
the calcium when moulting had taken place. : 

Fat, as such, is, of course, non-diffusible, and, as it is not present 
in the body of the animal outside the gland, it must be broken down 
to fatty acid and glycerin before it enters the blood stream. This is 


probably done by the lipase which has been shown to be present. 


The iodine values of the extracted fats from the glands of three 


_ crabs killed at varying times after moulting was determined. They 


are as follows: 
1203 133-1 156-1 Iodine value. 
1. 50 to 60 200 to 300 =© Number of days after moulting. 


Theee show that there are less unsaturated fatty acids or their 


glycerides present immediately after moulting. Since the amount of 
unsaturated fatty acid increases with the decrease of calcium we con- 
_ clude that it has connection with the exodus of that element from the 


gland to the blood. Shortly after moulting the fatty acid whenever 
released probably combines with the calcium and carries it off. When 
there is no longer any calcium to carry off it remains free in the gland. 

Analysis of the blood shows that combined fatty acid is present 


to the extent of -2°, to -3°, (calculated as butyric acid) in the crab. 
This amount is sufficient to carry the calcium in combination. The 


calcium is therefore probably present as a soap in the blood. 
Experiments carried out with calcium phosphate in the distillate 
from the blood containing the free fatty acids proved that it was 


_ extremely soluble in that medium. 


It is certain therefore that lower members of the fatty acid series 
are present, for only these dissolve calcium phosphate to any marked 
degree. We have found formic and butyric acids present to the extent 
of +2%, to +3%. 

It thay be noted that if the calcium exists in the form of calcium 
formate, the deposition of calcium carbonate would release — 
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SuMMARY. 


(1) After sniniiiiag there is a rapid deposition of calcium carbonate 


in the shell of decapod crustaceans. 

(2) In the edible crab calcium phosphate is present in the hepato- 
pancreas to the extent of about sas %/o of the bulk of the gland imme- 
diately before moulting. 

(3) After the shell has hardened this calcium salt is practically 
absent from the gland. : 


(4) The lobster does not store calcium in iw cua as the edible — 


crab does, but Lithodes maia, the stone crab, shows a slight storage. 
(5) Oil is present in large quantities in the gland before moulting. 
It comprises from 20%, to 50°, of the total weight. When the shell 
has hardened it has almost disappeared, like the calcium salts. The 
jodine value is in inverse ratio to the quantity of 6 and to the peanty 
of calcium. 

(6) The volume of the blood is markedly beac bhiniaiiatety 
after moulting. It may then be ten times as great as it was before 
moulting. Thus the total amount in circulation is greatly increased, 
although the percentage of calcium is practically constant. - 

(7) Calcium is probably present in the blood as a salt of a fatty 
acid, and, since formic and butyric acids have been proved to be present 
in combination with some base in the blood, they are to be regarded 
as the carriers of the metal. They are the members of the fatty acid 
group which most easily dissolve calcium salts. ) 

The above researches were carried out in the Physiological Dept. 
of Glasgow University. We have to thank Prof. D. Noél Paton for 
his constant encouragement and advice. 

The material was obtained from the Marine Stabions at Millport, 
Cumbrae, and Cullercoats, Northumberland, and we acknowledge the 
courtesy extended to us by Mr R. Elmhirst and Prof. ee 
laboratories. 

The expenses wore partly defmayed by grant reoelved by one of us (J 
the Carnegie Trust. 
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OBSERVATIONS ON THE NERVE ENDINGS, RECEPTIVE. 

SUBSTANCE AND CONTRACTILE SUBSTANCE OF 

- MUSCLE. By D. NOEL PATON ann LEONARD 

(From the Physiological Laboratory, University of Glasgow.) — 

In the course of an investigation of the effects of removal of the para- 
thyroids on the electrical excitability of the peripheral neuro-myal 
mechanism and while attempting to ascertain the situation of the changed 
condition, certain results were obtained which seem to throw light upon 
the characters of the “receptive substance” of muscle and upon the 
action of curare.on it and on the nerve endings. 

_ Langley@) arrived at his conception of a “receptive substance” 
and at the conclusion that curare acts upon it and not upon the nerve 
- endings by a study of the antagonism of nicotine and curare. The 
work of Keith Lucas@) lends support to the view that such a sub- 
stance exists in proximity to the nerve endings in muscle, but it does 
- not touch the question of whether curare does or does not act upon these 
endings. Worthington’s experiments() on sodium and potassium — 
sulphocyanide seem to show that these substances act upon endings. 


Our experiments were made upon cats. Galvanic stimulation through 
the skin was used, a small metal pole covered with chamois leather being 
applied in the usual way (a) over the posterior tibial nerve on the 
outer aspect of the ankle and (b) directly over the outer belly of the 
gastrocnemius muscle. The skin was shaved, and the accuracy of the 
observations of contractions made through the skin was in some cases 
tested by removing the skin from the lower part of the muscle and 
directly observing the fibres. The part of the muscle stimulated is 
distant from the point of entrance of the branch of the posterior 
tibial which supplies it on its inner aspect. The current strength was 
‘measured in milliamperes by means of a milliampere-meter of the 

d’Arsonval type. When curare was used the cats were first decapitated 
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under an anesthetic, Clarks’ clamp being used for the purpose. The 
action of the drug was tested by faradic stimulation of the sciatic nerve. 


1, The action of curare. 
A. On mutele with the nerve intact, A dose of curare just sufficient 
to abolish the action of the nerve upon the muscle—as tested by the 
faradic current applied to the sciatic nerve—leaves the reaction of 


the muscle to direct galvanic stimulation unaltered. 
The minimum effective cathodal opening stimulus (c.0.c.) in milli- 


amperes is alone given since it shows variations more distinctly than 
any of the other galvanic stimuli. In this and other cases, the outa ‘ 


ments aie are examples of those made. 


Cat 1 16/2 
i 
Decap. Curare 
12 mins. - 
0.0.0. 5&0 70 7 
Cat 2 
 Curare 
10 mins. 
0.0.0. 5-0 50. 
Cat 3 28/5 
Smins. 10mins. 


Larger doses of curare or prolonged action may decrease 


the a of the muscle to direct stimulation. 
Cat 4 Before curare Curare mins. 


2-0 20 +* 
: 
| 14mins, 22 mins. 
0,0.0. 55 120 9-0 
10 mins. 
0.0.0. 50 8-0 10-0 
he + cotton ws not by thi strength 


of current, 
Ain additional of curaro was given belore thi 
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Be On denervated muscle. The sciatic nerve, of which the posterior 
tibial is a branch, was 

(a) On the recently denervated muscle, two or three days after the 
nerve had been cut, when it failed to respond to galvanic stimilation, 
but before the reaction of degeneration had developed in the muscle, 
a dose of curare, sufficient to abolish the action of the nerve upon the 
normal side, had no effect on the response of the muscle to direct stimu- 
lation. 2 


Cat 7 22/4 = 26/4 
curare 30 mins, 
0.0.0. &0 30 3-5. 40 
Cat 8 30/4 4/6 5/5 


0.0.0, 40 50 5-0 5-0. 
(6) On denervated muscle showing the reaction of degeneration, doses 


of curare, sufficient to markedly decrease or abolish the response of 


the muscle on the normal’ side to direct stimulation, had no effect. 
| Cat 4 Left (normal) Right (denervated) 


Before cutare Curare Before curare Curare 
0.0.0, 2-0 20 + 0-4f 0-4t 
Cat 4. Right sciatic out 5/7 
5/7 8/7 9/7 12/7 
C.0.0, , 8-0 22 
Musct 
coc &0 40 3-5 0-4} 
Reaction of degeneration. 


Curare in small doses thus seems to act directly on the 
nerve ending, in larger doses on something (the receptive 
substance) in the muscle. This, however, is not acted upon when 
the reaction of degeneration occurs. It would almost seem as if the 
receptive substance had degenerated secondarily to the neural endings. 


2. The effect of denervation. on the response of the muscle 
to. galvanic: stimulation. | 
A. After section of the nerve to the muscle, when the nerves as 


tested by galvanic stimulation cease to act upon the muscles, the 
_ Tesponse of the muscle to galvanic stimulation generally remains 
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unaltered (6 cases out. of 10). 
with about 20 m.a. degeneration i is 


6-0 75 4-5 
B. Sometimes the response of the muscle shows a transient decrease. 
(a) 
| Cot 12. ont 


0.0.0. 120 


Nerve 
18/1 
20 +* 

Nerve 
6/7 
20+* 

Muscle 


0.0.0, 6-0 16-0 2-0 4-0 


® in two other cans th don printed in one for 8 day, 
in the other for 15 days. 


Cat Right sciatio out 16/12 
0.0.0, 7 20-0 
aoc 60 40° 100 100 90 
Cat 15. Right sciatic out 5/7. 


3/7. 
0.0.0. 25 


000 20: 60 
See fi ot Pp. 194, 


od 
: 

‘ 

a t Reaction of degeneration. 

: 
a 

Cat 11. - Right sciatic cut 21/9. 

Nerve 
a 21/9 23/9 24/9 26/9 

4 

3 

e 
4 0.0.0, 70 8-0 1-3f 0-5 0-8 

> 

4 Cat 13 ight sciati 3/7 . 

t tic cut 

3/7 8/7 
y 
a 0.0.0, 12-0 

be 

i 

4 8 13 14 15 

Muscle 
4 
— 6+  O4f 

A t Reaction of degeneration. | 
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__1n these last two cases the muscle suddenly passed into the condition 
giving the reaction of degeneration. 

These results seem to show that the “receptive substance” 
generally remains unaltered for some time after the nerve 


_ has ceased to act. In this condition the muscle would give the 


results described by Langley with curare and nicotine. In this state 
it might also react to guanidin by twitching as Fiihner(4) finds the 
muscle of the frog to do after the cut nerve has ceased to cause 
contraction of thé muscle. Possibly too, the persistence of the receptive 
substance may explain the twitchings of muscle under the influence of 
physostigmine up to the 20th day after nerve section described by 
Magnus(5). Langley and Kato(6) were unable to confirm this. 
Their observations tend to show that physostigmine acts upon the 
nerve endings, but do not exclude the possibility that it also acts on 
@ post-neural substance in muscle. Some of their results’ on the 
appearance of spontaneous fibrillation may be explained in the light 
of the present observation. | 
The last four experiments recorded seem to show that the “receptive 


_ substance” may in some cases have its re. modified during 


the process of degeneration of the nerve. 
As already indicated, the development of the an generalised 


contraction with the increased response to galvanic stimulation, which 


is characteristic of the reaction of degeneration, may be a result of the _ 
of the “ substance.” 
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THE CEREBRO-SPINAL FLUID. IV. CIRCULATION. 
By W. E, DIXON anp W. D. HALLIBURTON. 


(From te Pharmacia abort, King’s College, 


CONTENTS. 


Alworption of substances into the cerebrospinal 

Experiments with dyes. . . 209 
4 Some observations on pituitary extract 


Te has been shown both in men. and animals that fuid 


is being continually formed. When it is withdrawn it is soon replaced ; 
' after cranial injuries large quantities of the fluid may flow away regularly — 
_ and constantly; in certain pathological conditions in which the escape — 


of the fluid is prevented, symptoms of cerebral compression occur. 


These facts are well recognised and require no comment(1). Artificial — 
hydrocephalus in animals also can be produced by plugging the lower 


end of the aqueduct of Sylvius@). 
The fluid formed in the cerebral ventricles by the choroid gland 
has free communication with the fourth ventricle, with the subarachnoid 


space by the foramen of Magendie and the foramina of Luschka, and — 


fills up all the spaces around the brain and spinal cord. The quantity 
contained in the ventricles of the brain, the central canal of the cord, 


and the subarachnoid space has been estimated by several observers 


and in man averages 100-130 c.c. 


Cerebro-spinal fluid fills the’ peri-vascular and peri-neuronal spaces, 


and thus comes into contact with the tissue elements, and this fact 


1 Parts I, II and III have been published in this Journal, xuvm, p. 215, 1913, xuvm, 
p- 128, 1914, and xivm, p. 317, 1914, A preliminary account of the present investigations | 
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shes given rise to the view that the fluid serves as the “lymph of the 


brain.” Weed) has emphasised this opinion; he believes, however, 


that the main: source of the fluid is from the choroid gland, and that 


the fluid drains into the meningeal vessels. Several observers have 
noted that the absorption or disappearance of fluid occurs much more 


_ tapidly in the region about the base of the brain than in other parts, 
_ such as the spinal district, a fact which is easily confirmed. Other 
investigators maintain the view that the fluid escapes along the lym- 


phaties of the cranial. and spinal nerve sheaths and passing through 
the paravertebral lymphatic glands eventually arrives at the thoracic 
duct and thus the venous circulation. The general method adopted 
in investigations of this nature is to ascertain how coloured or other 
easily recognisable substances pass either from the cranio-spinal cavity 
to the blood or lymph-vascular systems, or in the reverse direction 


from the blood to the cerebro-spinal fluid. Some of our investigations 
have been carried out by such methods and the results strongly support 


the view that the fluid normally passes into the blood and especially 
into the large venous sinuses; they do not absolutely exclude the possi- 
bility that the fluid may in part pass into the cerebral capillaries and 


Flatau() made numerous injections. into the subarachnoid 


space 
of rabbits, and concluded that the fluid follows the course of the sheaths 
_ Of nerves, especially of the olfactory nerves, then passes into the lym-_ 


phatie network of the nasal mucous membrane and arrives at the glands 
of the neck. Sicard(s) injected Chinese ink and found that the sub- 
arachnoid lymphatics became impregnated with it; the experiments 
were performed in dogs, but as the examination of the tissues: was 
postponed for some months after the injection was made, the results 
are not of much value. Cathelin(6) injected easily recognisable salts 


and:coneluded. that absorption is via lymphatics which enter the thoracic 


duct. Hilly, on the other hand, states that methylene blue added 
to the cerebro-spinal fluid passes straight into the venous sinuses, and 


in. 10-20 minutes is excreted into the gastric juice and urine. The — 


lymphatics in the neck are not coloured in this time, and even after 


_ an hour’s steady injection the deep cervical lymphatic glands are found 
Only: partly tinged with the blue colour. 


Adamkiewicz first showed that there is a free communication 
between the subarachnoid space and the longitudinal sinus. Cushing(8) 
agrees that this is so, but’ questions the truth of Key and Retzius’ 


- hypothesis(9) that the Pacchionian bodies act as a filter since these 
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structures are absent in the infant and:in lower animals. Cushing 
was at this time led to believe that there are patent valved orifices’ 


leading into this venous channel, which allow the fluid to pass‘in, but 


do not allow the blood to flow back. More recently he has abandoned 
this view in favour of that of his colleague Weed(0) who regards the 
microscopic arachnoid villi as the situations where the fluid filters 
_ through into the meningeal sinuses. Frazier and Peet@) introduced 
methylene blue and trypan blue into the subarachnoid space: the 


latter pigment which was more quickly absorbed took twelve hours 


to reach the cervical chain of lymphatic glands, but phenolsulpho- 
naphthalein could be detected in the torcular blood within two or three 
minutes and in the urine in five and a half minutes. They calculate 
that 50-60°/, of the normal fluid is absorbed within two hours, but 
regard absorption by lymphatics as an almost negligible factor. _ 
The quantity of fluid which can be run into the cranio-vertebral 
cavity in a short space of time shows that the exit is an easy one. 
Thus Duret(l) saw 583 c.c. of water pass in, in the course of two 


hours. Naunyn and Schreiber@2) injected 400 c.c. of saline solution _ 


in 105 minutes at the pressure of 100 mm. of mercury. Falkenheim 


and Naunyn(i3), using pressures varying from 200 to 800mm. of | 


water, record rates of flow into the cerebro-spinal space varying from 
0-2 to 6-5¢.c. per minute, variations in the arterial pressure having 


little or no influence on the absorption. On the other hand the passage — 


of substances in solution from the blood into the cerebro-spinal 
fluid is extremely difficult. A. and E. Cavazzaniq4) injected 
potassium ferrocyanide into the peritoneum of dogs and rabbits, and 
found no trace of it in the cerebro-spinal fluid an hour later, and 
potassium iodide gave similar results; negative results were also 
obtained by Behring, Jacobs and others(i5),. Recent literature on 
the use of salvarsan in the treatment of syphilis has shown that this 
drug given in the usual way has no effect on the syphilis parasite when 
the latter is lodged in the annexes of the cerebro-spinal space as in 
locomotor ataxy, and general paralysis. It has further been shown 
that drugs which will not pass from the blood to the cerebro-spinal 
fluid will produce marked results when introduced directly into that 


fluid. Thus Camusé) found that barium chloride which is a very | 


active poison to the central nervous system will kill a rabbit of 2 kilo- 
grammes weight when one-tenth of a milligramme is introduced into 
the subarachnoid space, whereas the lethal dose when the salt is given 
subcutaneously is one thousand times greater. The use of salvarsan 
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‘in locomotor ataxy and similar post-syphilitic affections via the cerebro- 
spinal fluid has been abandoned as it is fatal not only to the syphilitic 
organism, but also to the patient(17). 
- Judging by previous literature alone, the balance of evidence 
_ Shows that there is an intimate communication between the cerebro- 
‘spinal fluid and the blood stream rather than with the lymph-vascular 
It is generally admitted that the perivascular and perineuronal 
spaces communicate with the subarachnoid space and are filled with 
cerebro-spinal fluid; the powerful action of drugs which affect nerve 
cells when introduced into the subarachnoid space is thus clearly 
intelligible. 

Authors who have investigated the anatomy of the vascular arrangements in the 
central nervous system differ as to whether or not a true lymphatic system exists in 
addition to the system of intracerebral and intraspinal spaces above alluded to and which 
may be regarded as prolongations of the subarachnoid space. Weed, for example, 
maintains that the only representative of the lymphatic system consists of these peri- 
vascular and perineuronal spaces and that these are filled with cerebro-spinal fluid. 
Cathelin describes’a system of true lymph vessels in addition. There is, of course, no 
question that the peripheral nerves have true lymph vessels. ae : 


1, Absorption from the cerebro-spinal fluid. 

_ It has been noted in our third paper (18) that when the cerebro-spinal 
pressure was raised by pumping saline solution into the subcerebellar 
cisterna, the pump was required to be kept working to maintain the 
pressure at a constant level. This means that the salt solution leaves 
the cranio-spinal space rapidly. This absorption of saline is readily 
shown by connecting the cannula from the cisterna to a burette filled 
with physiological saline solution, then by periodically filling the 
burette the rate of inflow can be noted. Thus in one dog 200c.c. of 
saline solution flowed in in half an hour under a pressure of 500 mm. 
of water: this figure is considerably in excess of that which usually 
obtained though in all instances the rate of absorption was considerable. 
_ + In order to determine how absorption is produced, small quantities 
_of crystalline substances were dissolved in 5 c.c. of saline solution and 
injected into the cisterna in the usual way; the first substances chosen 
were those easily recognisable by their physiological action, such as 
atropine, adrenaline and nicotine. With these drugs the latent period 
before their effect is obvious is surprisingly short, though animals vary 
to. some extent. Sometimes the onset of action is so rapid as to simulate 
an intravenous injection. Thus the injection of 1 or 2c.c. of a 1% 


4 
¥ 
J 
‘4 
a 
¢ 
> 
7 
> 


202 W. E. DIXON AND W. D. HALLIBURTON. 


solution of atropine sulphate produced paralysis of the vagi in a cat, 
in less than four minutes, whilst the same dose in a dog washed in with 
a little saline solution induced vagal paralysis in about one minute. 
With adrenaline the effect is still more striking though the rapidity 
of action varies a good deal in different animals. Usually after an 
injection into the subcerebellar cisterna a short latent period ensues 
of from 10 to 30 seconds, then cardiac acceleration becomes obvious 
vagi having been cut) and the blood-pressure rises. Fig. 1 shows 


Fig. 1. Dog; Tracing of arterial pressure (femoral artery). At the indicated mark — 


2c.c. of -01°/, adrenaline was injected into the subcerebellar cisterna and the curve 


is shown in A. The drum was then turned back and the same dose was injected : 


into the femoral vein (B). Time = 5 secs, | : 


that this rise may be almost-as vertical as that which obtains after 
an intravenous injection but occasionally the rate of rise is slower and 
resembles a slow intravenous injection of a dilute solution. For purposes 
of comparison in this figure a record of intravenous injection is super- 


imposed, the time and rate of injection in each case being approximately — 


the same. In all these injections the cannula was opened before the 
drug was given and 2 or 3 c.c. of cerebro-spinal fluid allowed ‘to escape, 
so as to prevent, as far as possible, any undue increase in cerebro- 

i . Further, in all cases the cerebre-spinal fluid was 


spinal pressure 
completely free from all traces of blood, so that there could have been 
no communication with blood vessels injured during the puncture. — 
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- Nicotine in doses ‘of 1 or 2mgms. acted like adrenaline on the 
_ vascular system and was readily absorbed from the Seem 
neice: into the blood (Fig. st 


Fig. 2. Dog. Arterial pressure. Shows the effect of two injections of nicotine. ‘The 
first, curve A (3 0.0. of a -1°/, solution), was into the subcerebellar cisterna, and the 
second (2 o.c.), curve B, into the femoral vein: superposed as in Fig. 1. Time = 5 secs. 


_ If the animal was deeply anesthetised with urethane no effect 
directly on the motor cells of the cord was obvious. If, however, the 
animal was anwsthetised with a.c.z. mixture, marked twitchings and 

_ irregular contractions occurred in the muscles of the head, forelimbs — 
and neck. Such twitchings by the direct application of nicotine to 
the cord have already been recorded by Langley for the skate and 
Dixon for the frog. Their particular significance here is that they 
never extend to the lower part of the body and we shall adduce further 
evidence to show that solutions injected into the cerebellar cisterna 
~ not move downwards towards the cord. 

One other example of an easily detectable crystalline substance 
may be mentioned: this is B-iminazoylethylamine, which lowers blood- 
pressure. Injections of this substance produced effects which followed 
the same general law; when injected into the subcerebellar cisterna 
the fall of blood-pressure ensued after a slightly longer latent period 
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and was not quite so profound as that caused by an —— et 
into the vein (Fig. 3). 
These experiments show clearly that 
are rapidly absorbed from the cerebro-spinal fluid into the blood. 


Since the publication of our preliminary note, Auer and Meltzer (19) have made 
some intraspinal injections of adrenaline which they expected would have no stronger 
action on blood-pressure than that of a subcutaneous injection. They employed monkeys 
and injected large doses; the arterial pressure rose slowly and reached its maximum 
in a few minutes and remained high for a considerable time. The injections were made 
into the lumbar region. We have made some injections into the lumbar region, but there, 
as we have already stated, absorption is comparatively slow and several minutes are 
— before any noticeable effect is observed. 


ms. Dog. Arterial pressure. Shows the effect of injecting A-i th : 
(5 c.c. of a 05°), solution) first into the cerebro-spinal fluid cies ae 
femoral vein (A). The two curves are superposed as before. Time = 5 secs. 


- Some experiments were made with sodium salicylate. 10c.c. of a 

5 5%, solution of sodium salicylate were introduced into the subcerebellar 

cisterna of a dog, and the blood was collected in samples at periods — 

varying from one minute to fifteen minutes later: namely at the end of 

the first, fifth, tenth, and fifteenth minutes. Each sample consisted of 

10 c.c., and the samples were collected simultaneously from the torcular 
and the femoral artery. The injection produced no obvious effect on 
the animal. The first sample, namely that collected at the end of the 

first minute, contained no salicylate or at any rate an amount insuffi- 

cient to be detected. The sample collected next (at the end of the 

fifth minute) gave the salicylate reaction, and this was more intense in 

‘the venous than in the arterial sample. The two later samples gave 
the ‘Tesotion still better, but the difference between the venous and 
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arterial blood had now disappéared, or if anything the reaction was 
rather more intense in the arterial blood. The early appearance of 
the drug in the torcular blood is another item in the proof that the 
cerebro-spinal fluid passes readily into the blood vessels of that region. 


_ with 20 c.c, of distilled water and a little hydrochloric acid was added. The mixture 
was left on the boiling water bath for ten minutes and then filtered. The filtrate was 
_ shaken out with petroleum ether in a separating funnel three times, a few drops of alcohol 
being added to clear up any emulsion. The extract was evaporated nearly to dryness 
on an électric heater; the residue was taken up with a small measured volume of water, 
and two drops of ferric chloride solution added. The intensity of the violet coloration 


Other experiments with iodide potassium ferro- 
cysnitin gave similar results and no special description is necessary. 

So far then it is quite clear that crystalline substances of a relatively 
simple chemical constitution find their’ way from the cerebro-spinal 
fluid to the blood with extraordinary rapidity. 

It has been stated that pituitary secretion finds its way into the 
_ cerebro-spinal fluid and normal cerebro-spinal fluid always contains a 
trace. of some substance which has all the characteristic actions of 
pituitary extract. Pituitary extract then should exert its ordinary 
systemic actions when injected into the cerebro-spinal fluid, and this 
we find to be the case. 20.c. pituitary extract (Burroughs, Wellcome 
and Co.) injected into the subcerebellar cisterna and washed in with 
saline causes a slow and gradual rise in blood-pressure, reaching a maxi- 
mum several minutes after injection. If, when the rise is at a maximum 
or before this time, the contents of the cerebro-spinal spaces are emptied, 
that is the pressure is removed by means of the syringe attached to 
the cannula in connexion with the space, the blood-pressure commences 
to fall almost at once. In one experiment on a lactating cat the 
injection of pituitary in this fashion caused a free secretion of milk. — 
It cannot be doubted then that pituitary is readily absorbed in this 
manner. The comparatively rapid action observed indicates that 
“pituitrin” is readily diffusible and so its molecule cannot be a very 
large one, 

; "Seoretin was prepared fresh from the alimentary canal of the dog 

or cat. . It was employed because it has been suggested that its molecule 
is @ large one and that its solution is possibly colloidal in nature. If 
it is non-diffusible then it would hardly be expected that absorption 
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would occur from the cerebro-spinal fluid sufficiently rapidly to produce eS 


“Ynuch flow of pancreatic juice. The experiments’ were performed in 
the usual way with the exception that a cannula was placed first in 

the pancreatic duct. A small injection of secretin was first made into 
the femoral vein and in each of three experiments this produced the 
typical secretion after a latent period of about two minutes. After 


a suitable interval a larger dose of secretin was injected into the cerebro-— 


spinal fluid, no effect on pancreatic secretion was however obtained for 
four or five minutes and then the secretion was very small, only about 
six drops being secreted. In the same animals control injections of 
adrenaline showed that this substance was readily absorbed into the 
blood stream from the cerebro-spinal fluid... Secretin then though 
absorbed is clearly not absorbed at the same rate as adrenaline and 
other drugs with a relatively small molecule; nevertheless it is absorbed 
much more rapidly than proteins. : 


As an example of a protein Witte’s peptone was chosen as it ition | 
readily recognisable physiological effects. We used this non-diffusible — 


substance as a means of settling the question whether the transference 
of materials from the cranio-vertebral space to the blood takes place 


through orifices or by diffusion into the blood vessels. We find that 


colloidal materials of this kind do not produce their specific effects 
if they are introduced into the subcerebellar cisterna; that is they 


enter the blood if at all with extreme difficulty, and — not through | : 


orifices. 

A 10%, solution of Witte’s peptone was employed ; 10 to 20 c.c. 
of this (a dose sufficient to produce marked effect when injected into 
the blood stream) was injected into the subcerebellar cisterna of small 
dogs. No fall of blood- pressure occurred and no change in the coagula- 


bility of the blood was noted within the next hour or more. A transitory — 


rise of arterial blood-pressure oceurred but this was manifestly the 
result of the increased pressure of so much extra fluid in the medullary 
region, and was produced equally well by the same amount of a neutral 


physiological saline solution. The blood-pressure soon returned to — 


its normal level. The injection of the same or even half the amount 


of the peptone solution into the femoral vein produced the well-known _ 
and permanent drop of arterial pressure, and the coagulability of the 


blood was lost either wholly or completely within a minute or two. 


A tracing is appended to illustrate these points (Fig. 4). The following © 
protocol of an experiment which is the others | 


He 
AN 
a 
q 
i 
ag 
ay 
a 
“a 
2 


\OBREBROSPINAL 


- May 21, 1912; Dog. Urethane and. morphine; artificial respiration, Tracing . 
femoral vein, and the opposite femoral artery, Injection of 10 0.0. of a 10%), solution of 
Witte's peptone into the eubcerebellar cisterna induced o slight rise of arterial pressure 
showing Traube-Hering waves due to increased pressure on the medullary centres, caused 
by the injection. These did not occur in the experiment from which Fig. 4 was taken. 
_ The blood-pressure soon returned to normal and remained there for the succeedins 
30 minutes, At the end of this time the same dose of the peptone solution was injected 
into thé femoral vein which caused an almost immediate fall of pressure which persisted 
| Coagulability of blood from femoral artery. 
11.23. Before injection. Blood sample clotted in five minutes. 
11,39. ‘Injection of peptone into subcerebellar cisterna. © rea 


11.40. Sample of blood clotted in 5} minutes. : 
187. 3 


” 
11.68. Injection of peptone into vein. 
_ 31,59. Sample of blood clotted in 24 minutes, | | 
_ 12.3. Sample of blood did not clot while it was watched for the succeeding two hours 


= 


Fig. 4. Dog. Arterial pressure. Shows the effect of injecting 5 c.c. of a 20°/, solution 

Witte’s peptone into.the cerebro-spinal fluid (tracing A) and into the femoral vein 

_ +(tracing B). The.two curves are superposed as in previous figures. Time = 10 secs. 

_ In this animal a preliminary control experiment was performed 

with nicotine, and the result has already been given in Fig. 2.. This 

shows that an easily diffusible substance passed readily into the blood 
stream from’the cerebro-spinal space. 

_°” \Qne further experiment was performed on a dog which had received 

an injection of horse serum 23 days previously. This animal was 
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anwithihioed with 4.0.8. mixture only. It was found that when a 


small injection of the same serum was administered into the cerebro- 


spinal. fluid no reault was obtained, but that the same injection into a — 


vein produced typical signs of anaphylaxis with — Se 
and @ profound fall in arterial pressure, 

hese facts then show that crystalline substances find their way 
very readily into the vessels and produce their typical specific effects; 
whilst substances possessing a large molecule like those of a protein 
nature are absorbed very slightly or not at all. | 


2. Absorption of substances from the general circulation into the 
cerebro-spinal fluid. 
The experiments we have made under this ‘cited ‘are few, ‘and 


they verify the results of previous workers. All observations show that — 


_ substances foreign to the cerebro-spinal fluid obtain access to it only 
with difficulty, and we believe are never present in more than traces. 
A few drugs do get through ; thus Crowe (2) showed that hexamethylene 


tetramine (urotropine) administered internally can be detected in the | 
cerebro-spinal fluid and it is for this reason that it is employed in some 
forms of meningitis. This observation has beer confirmed by Halde), — 


who also notes the passage of other substances such as alcohol, chloro-— 
form and acetone. 


We performed a few with crystalline which 


show in each instance that after injection into the blood the merest 
traces of them obtain access to the cerebro-spinal fluid and only after 
a long interval. The description ie one experiment will suffice to _— 
this clear, 


a 6%, solution of potassium iodide and 50 c.c. of a 5*%/, solution of sodium salicylate. The 


| Amount of cerebro-spinal ftuld 
race of iodide, 
Amount of both slightly increased. 
Amount of drugs about the same. 
3 0.0, No drugs detected. 


The remained high throughout, sbout 185:mm. Hy, 


Similar experiments have also been made with urotropine, 
‘is quite cay to show that small amount of this wabetanc Sind thes 
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way into the cerebro-spinal fluid. We have, however, completely 
failed to detect there even traces of formaldehyde, to which the anti- 
' septic effect of urotropine has been attributed. 

The choroidal epithelium which secretes the carebro-spisial fluid — 
forms an effective barrier which prevents the access into it of foreign 
materials, and thus the nerve-cells which this fluid bathes in the peri- 
_ neuronal spaces are protected from the action of metallic and other 
— to a very considerable degree. 


The. injection of coloured fluids. 


In order to trace the pathway of absorption one other method was 
adopted, viz. the injection of coloured fluid into the cerebro-spinal 
fluid. Our experiments were made in 1911 and our preliminary account 
of them was published more than two years before Weed’s paper() 
appeared. Weed gives a useful historical account of our peste 
_ of the cerebro-spinal fluid. 

_ We have employed as stains methylene blue; carmine; potassium — 
Pa and iron ammonium citrate, the tissues being subsequently 
treated with hydrochloric acid as recommended by Weed. In a few 
experiments we used a granular injection, Indian ink. The chief 
- difference in the methods that we adopted in this type of experiment 
from those of previous observers consists in the fact. that the injections 
' were made without any form of cutting operation, and they were made 
. during life on animals which were anmsthetised and kept alive for from 
one to four hours after the injection started; the injection was made 
high up, namely, into the subcerebellar cisterna. The animals were 

_ killed either by bleeding, chloroform or air embolus and examinations 
_ were made of the fresh tissues soon after death. Just before the 
animal was killed the cannula was opened so that all excess of fluid 
could drain out. Immediately after the cannula had been inserted the 
clear cerebro-spinal fluid was allowed to drain out for about five minutes, 
then the fluid for injection contained in a flask was connected by rubber 
tubing with the cannula, air being carefully excluded. .The coloured 
fluid was now allowed to run in whilst the animal was breathing normally, 
and this process was continued for half to one hour. It is necessary 
that: the solution should approximate in osmotic pressure to that of 
normal saline and it must be at body temperature. The pressure was 
varied in different experiments: the lowest pressure was 
Sem. of water, and the highest 50cm. 
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_ In some of the experiments a cannula was placed in the torcular 
so that the blood from the sinuses could be tapped periodically. 


Methylene blue could be detected in the torcular blood within a few 


minutes, at a time when it was quite impossible to detect it in ordinary 
arterial blood. This agrees with the observations we have described 
‘ already with drags, and leaves no doubt that the _ is absorbed 
_ directly into the venous sinuses, — 

Post-mortem examination consisted in the thorough exposure of 
the brain and spinal cord; when methylene blue is employed a sufficient 
time must be given for oxidation to occur. Everywhere under the 
dura mater on the dorsal surface of the brain and cord the colouring 
matter is present and causes deep staining. The fluid does not however 
find any exit along the sheaths of the spinal nerves. The portions of 
these nerves within the dura mater are naturally deeply stained but 
beyond this there is a sharp line of demarcation, and the herves are 
absolutely white outside the spinal canal. . 

We were unable to trace any blue colour along the lymphatics 
’ either in the cranial or spinal region. There is no general staining of 
the lymph glands; a few patches of blue can sometimes be seen in one 


or two of the lymphatic glands in the neck region, and these might be _ 


explained quite easily by the dye having reached them via the blood; 
but in most cases such patches are completely absent. 


- In two dogs we inserted a cannula into the thoracic duct before : 
injecting methylene blue; the lymph was collected and freely exposed — 


to the air but even after half an hour not a trace of blue was to be seen 


in the issuing lymph, and in the post-mortem examination half an hour — 


later the lymph was still clear. Atropine and adrenaline were injected 


before death and these readily left the cranio-spinal cavity and produced | 
their usual effects on the vagus and blood-pressure respectively. The 


methylene blue was nevertheless absorbed, as a trace was detected in 
the urine. In only one cat which was examined post-mortem after a 
similar injection of methylene blue, the lymph in the thoracic duct 
had a faint greenish tinge, but we do not attach much importance 
to this isolated observation, as the autopsy was performed after a long 
injection period, and the blue pigment might therefore quite easily 
have reached the thoracic lymph through the inter-mediation of the 
blood. 

The blood vessels and sinuses especially in the meninges and bones 


_ of the skull, and of the brain itself and in the vertebral column, are on 
| the other hand filled with deep blue blood; but the amount of blue — 
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staining diminishes towards the posterior part of the spinal cord, and 
even after a petiod of an hour or more of injection the lower portions 
_of the cord and vertebral column are completely free from the blue stain. 

The pigment passes into the central canal of the cord after an hour’s 
injection to about the mid dorsal region and into the ventricles of the 
brain. In most of the experiments the animal was on its side and in 
these cases the lateral ventricle which was uppermost received very 
little and sometimes no colouring matter, whilst the lower was invariably 
stained, especially the choroid plexus, and the colour was easily traceable 
to the aqueduct of Sylvius. The colouring fluid passes into all the 

fissures of the cerebrum and cerebellum. 

It is evident from this, as well as from injections made directly 
into the lumbar region, that the movement of the cerebro-spinal fluid 
and the possibilities of its absorption are considerably less in the lower 
spinal region than they are in the lower regions of the brain and upper — 
part of the spinal cord. 

These experiments support the view that the main communication 
of the fluid is with blood especially in the region of the cranial sinuses, 
and the lymphatics are not the channels of absorption. We have found 
the same with other substances; absorption is always much slower 
in the lower spinal districts. This is tacitly recognised by those who 
_ produce spinal anesthesia by injecting drugs of the cocaine group into 
the cerebro-spinal fluid. The horizontal position in such cases is 
regarded as dangerous, for if the anesthetic reaches the bulbar region, 
it is rapidly absorbed and produces general and serious results. 

In two or three animals immediately after death we tried whether 
methylene blue forcibly injected into the blood stream appears in the 
cerebro-spinal fluid; not a trace of blue was ever seen in that fluid; 
the same is true for air forcibly blown into the veins; no bubbles issue 
from the blood into the cerebro-spinal fluid. 

Apart from the sinus blood which allows only substances in solution 
to pass into it, evidence was obtained that the cerebro-spinal fluid 
passes out in other ways though probably in normal conditions only. 
to a trifling extent. The nose is certainly the most important of these : 
the cribriform plate takes on an intense stain and the sheaths of the 
olfactory nerves are deeply coloured, the ethmoidal cells and turbinated — 
mucous membrane are also blue (see Fig. 5). Some communication — 
then clearly exists between the nose and the cerebro-spinal fluid. This 
in view of epidemic cerebro-spinal fever is of some importance. Tn our 
third paper (is) it was pointed out that one symptom of increasing 
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greatly the cerebro-spinal pressure is salivation and running from the — 


nose. When the pressure has been raised greatly (200 or 300 mm. of 
mercury) by means of the methylene blue solution we have failed to 
observe that either of these secretions contains any blue colour. This 
negative observation is opposed to the observation of Weed who, 


A, cells; B, cribriform plate; C, vomer; D, ethmoidal cells; — 
inferior; G, concha superior. 


This picture represents the appearances some three hours after death. During life the 
animal for a period of an hour had the subcerebellar cisterna connected with a reservoir 
containing a solution of methylene blue at a pressure of 30 cms. of water. Before 
the animal was killed time was allowed for the escape of all excess of fluid. | 


using ferrocyanide as an easily detectable substance, found it in the. 


fluid which drips from the nose, suggesting the possibility of a cerebro- 
spinal rhinorrhea, The mouth, pharynx and _— are not — 


to show that some fluid finds its way out along the sheath of other cranial nerves. The 
optic nerve is certainly the most important of these. It is known that the arachnoid 
membrane extends for short distances along the cranial nerves and this appears to be 
connected with the perineural space and it is this which is injected. In the case of the 
optic nerve the colouring matter passed out along the nerve sheath and over the posterior 
surface of the eyeball by way of the optic subarachnoid into Tenon’s capsule. 3 

The vagus nerve takes on a blue colour as far as the ganglion of the trunk. The spinal 
accessory is also stained till it has passed through the foramen in the skull. rm 
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administered intravenously had ‘no decided influence on the rate of 
secretion of cerebro-spinal fluid. Since then Weed and Cushing@s) 
have stated that extracts of the posterior lobe of the’ hypophysis cause 
& very marked increase in secretion. The question is important seeing 
that the pituitary secretion passes into the rome fluid — 
will therefore bathe the choroid plexuses. _ 
_. Tt may be stated at the outset that both stedenaenibe are correct 
| for the conditions under which the experiments were performed, and 
_ ‘It is therefore necessary for us to make clear how two such. divergent 
_ statements can be reconciled. In our first paper (24) we laid great stress 
_ on the fact that deprivation of oxygen, partial-asphyxia, however 
produced, is a powerful stimulus to the secretion of cerebro-spinal 
fluid. avoid all:such errors we anwsthetised the experimental 
animals deeply with urethane and morphine and performed a forceful — 
artificial respiration, and we found it was only by this means that we 
were able to exclude the respiratory factor. Such drugs as barium, 
B-iminazoylethylamine and numerous others injected ‘intravenously, 
which under the conditions stated produce no effect on cerebro-spinal — 
secretion, nevertheless when injected into animals which are breathing 
naturally and are anwsthetised with some volatile anesthetic 
a great increase in the rate of cerebro-spinal secretion. 
“Weed and Cushing used animals with natural respiration pa 
which were kept unconscious by the employment of intra-tracheal 
insufflation with an unchanging tension of volatile anesthetic. They 
‘state that after an injection of pituitary extract a considerable increase 
of the cerebro:spinal secretion occurs and that coincident with this 
period a slight amplitude of the respiratory stroke is registered. They 
also draw attention to the fact that we state that an increase in the rate 
or amplitude of respiration produces a decrease in the flow from the 
cannula and draw the conclusion that respiration cannot be responsible 
for the increase of the secretion. The position then we have to deter- 
mine is how far the results of Weed and Cushing are due to -_ 
2 and how far to a direct action. = 
Pituitary extract has a pronounced effect: in constricting the 
| heensiotie and this action is obtained even when the vagi are paralysed 
with atropine. Pituitary extract given to animals anssthetised: with 
4 volatile anesthetic or to pithed animals with an-intact medulla leads 
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to an amplitude of xemperetory movements, but also to a deficient 


oxygen content of the blood; 

this of course suggests that 
the increased amplitude of 
respiratory movements may be 
the result of partial asphyxia. 
The tracing Fig: 6 was ob- 
tained from a cat which was 
pithed and had the middle lobe 
of the right lung enclosed in an 
oncometer. It was receiving- 
artificial respiration and at the 
time of the experiment the 
vagi had been paralysed by 
& previous injection-of atropine. 
1 cc. of pituitary extract 
(Parke, Davis & Co.) suitably 
diluted injected into the 
femoral vein caused very 
decided constriction of the 
bronchioles. At first the con- 
striction was complete, then 
air from the pump: entered 
the lungs but the elastic. re- 
coil of. the lungs was unable 


to expel it efficiently so that he injcting 


the curve rises and soon the: 


constriction is complete, no air either entering or leaving the: lungs. - 


_ Recovery was gradual and natural. In this ease since the vagi. 


were paralysed the action is probably on the muscular tissue, and it 


should be noted that this action occurred after each injection and was — 
accompanied by increased respiratory movements as shown by the 
motion of the ribs and diaphragm. This typical rene we more ) 


repeated on dogs with similar results. 
‘We believe then that this action on the the 
increased cerebro-spinal secretion, for although the respiratory efforts 


are increased they are largely unsuccessful, hence the blood becomes 


more venous. This indirect cause of increased cerebro-spinal secretion 


may be excluded first by employing urethane as the anesthetic, and 
secondly by forceful artificial respiration. Urethane is in fact an ideal 
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on all forms of plain muscle. SES ee 
_ Tespitation is maintained at a constant and high level, the injection 
of pituitary extract has no effect whatever on cerebro-spinal secretion. 


For this reason we adhere to our previously expressed opinion that _ 


cotivity of the 


ConoLusions. 


introduced into the fluid which, can - 
be readily traced do not find an exit by the lymph channels, but appear 
rapidly in the blood. 
ei If these stibetances are readily diffusible the speed with which 
they appear in the blood is very remarkable, especially if they are 
introduced into the subcerebellar region. An injection of substances 
like adrenaline, nicotine and atropine produces characteristic physio- - 
logical effects almost.as rapidly as if injected into the venous circulation. 

3. Substances which are indiffusible such as proteins (Witte’s 
peptone, serum in anaphylactic animals) do not produce their charac- 
teristic effects when they are introduced into the cerebro-spinal fluid. 
Whereas. substances .of intermediate molecular size, such as secretin, 
_ diffuse slowly and cause their characteristic actions at an intermediate 
4. The old theory that there are actual valved orifices leading 
into the large veins at the base of the brain is thus rendered quite 
untenable, The transference must be by diffusion. 3 
oe This diffusion process is most rapid in the subcerebellar region, | 

and is extremely slow in the lower spinal district: It probably occurs — 
into the venous sinuses by the microscopic arachnoid villi described 
by Weed, but-Mott’s view that the transference partly occurs through 
the thin walls of the blood vessels within the central nervous system is 
not excluded by our experiments, seeing that contact of these vessels 
with the cerebro-spinal fluid is maintained throughout their extent 
by the perivascular spaces which are continuous with the subarachnoid 
cavity, 
6. We further hold that this must also be the course taken by the 
normal cerebro-spinal fluid, and that it is by the blood and not by the 
lymph that the fluid which is constantly being secreted finds ite main 
_ exit from the cranio-vertebral cavity. _ 
1. We present, however, some evidence which shows that dyes 
: added to the uid travel slong the course of certain cranial nerves, 
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especially the, olfactory nerve.’ In the spinal nerves, AR 
detected in their sheaths outside the spinal canal. No aye can be 


seen in the lymph of the thoracic duct. . 
<8. Diffusion in the opposite direction from blood to cerebro-spinal 
fluid does not occur, except in an almost negligible degree in the case 


of a few drugs. The secreting epithelium of the choroid gland thus 


protects the tissue elements of the central nervous = from being 
bathed with harmful substances, 
9. We further find in confirmation of our sauviens statement that 


pituibai extract has no direct action on the secretory activity of the 


choroid gland; the opposite statement by Weed and Cushing is 
explained by the non-exclusion in their experiments of an asphyxial 
condition (due to constriction of the bronchioles), which is a evama 
stimulus to cerebro-spinal secretion. 
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SOME EXPERIMENTS ON ANTAGONISM BETWEEN 
CERTAIN DRUGS. By YASUO IKEDA. 


(Ffom the Pharmacological Laboratory, Cambridge.) 


Wantne investigating thé antagonistic action between certain drugs 
_ on the isolated intestine, I have noticed that the effect of physostigmine 
is either diminished or completely lost if administered subsequently | 
to either nicotine or curare. Some other drugs such as coniine, — 


sparteine, gelseminine are known to possess a somewhat similar effect _ 


to that of nicotine and curare in so far that they paralyse in various 
degrees both nerve cells and motor endings(@). Experiments were 
therefore performed in order to ascertain whether or not an antagonism 
existed between these drugs and physostigmine. 

Method. I used for the purposes of these experiments the small 
intestine of rabbits and the method followed was that devised by 

Magnus@), with the exception that I employed the entire isolated 
_ intestine and did not attempt to separate it into plexusholding and 
plexusless specimens. 

A suitable piece of small intestine was caauiek j in oxygenated 
Ringer’s solution and movements were recorded by means of a suitable — 
lever, the upstroke registering contractions. The bath was kept at 
constant body temperature and the containing vessel was so arranged 
_ that the fluid could be rapidly replaced by fresh Ringer solution by — 

means of stop cocks. The bath held about 50c.c. of saline solution 
and the various drugs were added directly to this by means of a pipette ; 
thus the percentage of drug administered could be readily determined. 

The effect of a certain dose of physostigmine having been ascertained, ~ 
the other test drug was added to the same solution and the result 
recorded, then the proceeding was reversed ; first the test drug and then 
physostigmine was given using a fresh piece of intestine, finally a fresh 
piece of intestine was placed in a mixture of physostigmine and one 
of the drugs under examination. During the experiment on each 
piece of intestine Ringer’s solution was not ee but the second . 

- was added to the solution of the first. 
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 Curare and physostigmine. As regards the antagonism between 
these two drugs, Pal@) first found that the administration of physos- % 
tigmine revives the curarised animal, this was confirmed by Roth- 4 
berger(4). Since then the antagonism between the two drugs has L 
been observed by many others on various organs, such as by Edmunds 
and Roth(5) on the skeletal muscle of fowls, by Langley and Kato(6) 
on that of-cats and rabbits, by Rothberger(4) and Winterberg(7) 
on the heart vagus. | | 
Curare causes at first a very slight increase of the tone, which lasts — 
only half to one minute and then recovery takes place to the normal. 
This may be regarded as due to direct stimulation of the plain muscle : 
When curare is given first, it entirely inhibits physostigmine (eserin : 
hydrochloride) (-03 mgr.) given afterwards, sometimes 20 mgr. of curare Ss 


Fig. 1. x 2. A = 10 mgr. curari. The time in this and in the other figures 
is marked in seconds, | | 


will suffice, though some pieces of intestine require 50 or 70 mgr. of 
_ curare. Smaller doses than this do not inhibit -03 mgr. physostigmine, — 
but there is an evident diminution of the physostigmine effect. 

When curare is given after physostigmine, it promptly eliminates 
the physostigmine contraction and induces relaxation and a return of 
pendulum movements. This corresponds to the action of curare in 
cutting out the contraction of the skeletal muscle by nicotine (Langley 
9, 10), Edmunds and Roth(s)). The dose of curare used was 

) When the mixture containing 30 mgr. of curare and -03 mgr. of 
physostigmine was given, the mixture had no effect at all. This does 
not agree with the results of Rothberger() on intact animals; 

> according to him both actions appear separately one after another. 
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In these respects curare makes an exception from the other members 


of this group of alkaloids. 

Nicotine and physostigmine. Nicotine in small doses (-01 to 1-0 mgr.) 
increases slightly the tone of the isolated small intestine, the effect _ 
may be due to stimulation of the plain muscle (Fig. 2a, b). - In doses 


b 
Fig. 2. x §. a, 0-5 mgr. nicotine. 6, 2-0 mgr. nicotine. 


from 1 or 2 mgr. upwards nicotine causes a sudden contraction, which 


lasts only for two or three pendulum movements, a short relaxation 
and inhibition of the pendulum movements follow this short stimulation 
(Fig. 3). The first short contraction may perhaps be regarded as caused 
by direct stimulation of the muscle and the following depression of 
the tone and the inhibition of pendulum movements as due to stimula- 
tion of the sympathetic ganglion cells. In larger doses the effect of 
nicotine remains the same, only this inhibition is more marked. It was 
also noticed that the inhibition was most marked in doses 10-15 mgr. 
and became less again with an increase of the dose (Fig. 3, b). 


a 
“Fig. 3. x 10 mgr. nicotine, 6, 40 mgr. nicotine. 
15--2 
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In the intact animals nicotine is said to act on the intestine by 
first inhibiting then stimulating it. Langley attributes this initial 
inhibition to the stimulation of the sympathetic ganglion cells on the 


: splanchnics. Magnus@) has confirmed this initial inhibition on 


isolated intestine of cats. In Kress’s(1) experiments with the isolated 


- intestine of rabbits there was little inhibition and stimulation was the 


prevailing effect. In my experiments nicotine sometimes caused from 


the beginning a marked increase of the tone (? vagus stimulation) 


(Fig. 4). 
When nicotine is given first in doses from 10 mgr. upwards, 08 mgr. 


physostigmine given afterwards has no effect, though in some cases 


it was necessary to give 20 or 25 mgr. of nicotine to prevent entirely 
the physostigmine action. When less than 10 mgr. nicotine were given, 


physostigmine always caused some increase of tone, though the amount — 


was considerably lessened. 


Fig. 4. x A= 65 mgr. nicotine. B= -03 mgr. physostigmine. 


When nicotine is given after physostigmine, it relaxes promptly 


the increased tone of physostigmine and restores the pendulum move- 


ments which were more or less abolished. If the dose of nicotine is 


not sufficient to antagonise physostigmine the inhibition may: be short 
and the physostigmine will again increase the tone. The dose of 


nicotine required was larger than when nicotine was given before 
physostigmine, 40 mgr. of nicotine was necessary to antagonise entirely — 


mgr, physostigmine. 


Sometimes when given after nicotine, physostigmine causes a striking 
but short relaxation. This is especially the case when the action of 


nicotine was from the beginning stimulant (Fig. 4), 


When a mixture of nicotine (30 mgr.) and physostigmine (-03 mgt.) 
was used, their effects appeared separately (Fig. 5), first the action of — 


nicotine and then that of physostigmine. Though the former appears 
quite unmodified, the latter appears much diminished, or, if the dose 
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of nicotine was increased, physostigmine was entirely antagonised. 
A similar action of a mixture was observed by Rothberger(4) with 
-@ mixture of curare and physostigmine, and by Langleyio) with 


nicotine and curare. The other members of this group except curare 
behave in the same way. 


Fig. 6. x }. Mixture containing 30 mgr. nicotine and -03 mgr. physostigmine. 


The antagonism between nicotine and physostigmine was confirmed 
on the mammalian heart by Winterberg(7), who found that paralysis 
of vagus produced by nicotine was counteracted by physostigmine. 

Contine and physostigmine. The action of coniine on the isolated 
intestine is very similar to that of curare, it causes usually a slight, 
sometimes a moderate, increase of the tone, which lasts only half to 
one minute (Fig. 6). This may be perhaps a direct stimulation of von 


Fig. 6. x1. A = 20 mgr. coniine. 


©» In doses of 30 or 50 mgr. coniine (hydrochloride) cuts out the effect 
| of -03 mgr. of physostigmine given afterwards. A smaller dose than 
this was insufficient and only caused a more or less marked diminution. 

When given after physostigmine coniine eliminates the contraction — 
— caused by physostigmine and restores the pendulum movements ig. 7 ). 
The dose of coniine used was 30 ~~ 
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Sparteine and physostigmine. Sparteine (hydrochloride) causes a 
fall of tone, from which the intestine does not recover (Fig. 8). The 
pendulum movements are not changed at first, but they gradually get 
smaller. With doses of 30 or 40 mgr. of sparteine there was an entire 
cessation of the pendulum movements and at the same time a fall of 


tone. In this condition barium chloride had no effect, presumably — 


the plain muscle was dead. This suggests that sparteine affects the 


Fig. 7. x }. pgp physostigmine. B= 26 mgr. coniine. 


plain muscle itself. Such an entire cessation of movements was never 
observed with other members of this group. 
_ Sparteine given first in the doses of 29 or 30 mgr. inhibits the effect 


of -03 mgr. of physostigmine given afterwards; and 30 mgr. of sparteine 
given after physostigmine inhibits the stimulation caused by the latter. 


When 20 mgr. of sparteine was given mixed with -03 mgr. of physos- — 


tigmine, the action of sparteine first appears; unmodified, then that of 


— 


“Rig. & B = -08 mgr. physostigmine. Tnterval of 


_ physostigmine more or less diminished, and on increasing the dose of 
sparteine, physostigmine did not act at all. 

As sparteine seems to affect directly the plain muscle, the elimina- 
tion of the physostigmine action may be due to the paralysis of the 
responding organ (Fig. 8). But in the case of curare, nicotine, or 
coniine, there was no sign of such paralysis (Fig. 9), and therefore 
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the antagonism between them and physostigmine must hate a different 


"Fig. 9. x 4 = 25 mgr. nicotine. B= -03 mgr. physostigmine. Interval of 
| 1f min. between the two parte of the tracing, 


Geleeminine and physostigmine. Gelseminine (hydrochloride) acts 
on the isolated intestine like 
 sparteine, it causes a fall of . 
tone (Fig. 10), the pendulum 
movements. are not ~ much 
affected at first, but gradually 
they get smaller. 

_ Like all other members 
of this group, gelseminine 
(15-20 .) cuts out the 
antion (-03 Fig. 10. x A = 16 mgr. gelseminine. 
mgr.) whether given before or after. The effect of the mixture of 
gelseminine (15-20 mgr.) and physostigmine (-03 mgr.) was the separate 
- appearance of the actions of-each, first that of gelseminine then that 

of physostigmine. 

Though not so intense as in the case of sparteine, there was still 
some weakening in the activity of the intestine after gelseminine, so 
that the possibility that the falling off of the physostigmine action 
may be due to the inexcitability of the end organ cannot be excluded 

with certainty. 


SuMMARY. 


‘The observations were made on the small intestine of the rabbit 
cut out and suspended in warm Ringer’s fluid. 
(1) Curare and coniine stimulate the plain muscle and cause 
 @ slight increase of the tone. Nicotine in small doses stimulates 
plain muscle and also causes a slight and slow increase of tone, but 
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in larger doses this stimulation is very transient, causing only a ff) 
momentary contraction, the stimulation of the sympathetic ganglion 
cells soon follows, causing a marked loss in tone and an inhibition of 
the pendulum movements; sparteine and gelseminine cause a fall of - 
tone and gradual lessening of pendulum movements. é 
| (2) * Curare, nicotine, coniine, sparteine or gelseminine, when they 
are given first, prevent physostigmine from acting unless small quantities 
of the former are used, then more or less evidence of physostigmine 

_ action appears. Also this dose varies considerably with each different 
piece of intestine. 

(3) When curare, nicotine, coniine, sparteine or gelseminine are 

given after physostigmine, they relax promptly the increased tone 
caused by the latter and restore the pendulum movements. 
(4) When curare, nicotine, coniine, sparteine or gelseminine are 
given mixed with physostigmine, either there is no action at all (curare) 
or both actions appear separately though oe with one another 
(nicotine, sparteine, gelseminine). 

(5) These results show, there exists a shel antagonism between 
curare, nicotine, coniine, sparteine and gelseminine on one side and . 
physostigmine on the other. 

(6) In the case of sparteine and probably in that of gelseminine 
_ the ineffectiveness of physostigmine was probably due to an inexcitable 
congenes of the muscle caused by them. 
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SKETCH OF THE PROGRESS OF DISCOVERY IN 


THE EIGHTEENTH CENTURY AS REGARDS 
THE AUTONOMIC NERVOUS SYSTEM. by J. N. 
LANGLEY. 


Tue documents on Physiology which are more or less easily accessible 


_ date from about 1860, and there is a natural tendency to look upon 


physiological work before that date simply in the light of formule 
which have been handed down from generation to generation. The 
older statements and theories have been swept aside by newer and 
more accurate ones. Discovery undoubtedly benefits by each worker 
taking up his problem where his immediate predecessors have left it, 
but this convenient, and almost inevitable procedure tends to shut 


out @ general view of the progress of knowledge. In the hope that 


many would be interested in the early work, I have written the following 


_ sketch of the period from 1700 to 1799. As a history it is incomplete, 


for I have for the most part passed over the discussion of erroneous 
theories, of experiments necessarily inconclusive, and of metaphysical 
conceptions, which together occupied much of the attention of writers. 
Confirmations and contradictions of discoveries I have as a rule omitted, 
but I have dealt with the experiments on the heart in considerable 


detail, since these formed the basis of all views on the innervation of 


the viscera. In certain cases, facts accumulated by such slow degrees 
(for example those showing the contractility of the arteries) that I 
have not thought it worth while to mention them. A not inconsiderable 
number of papers I know only from abstracts and quotations, but they 


appear to have been of minor importance repeating what had been said 


before with some addition of detail. They may however contain facts 
or theories put forward before the dates at which I mention them. 
This is perhaps especially to be borne in mind with regard to theories, 
for speculative writers are more apt to point out where their ideas 
differ from those of their predecessors than where they overlap them. 

_ The death of a theory is often not due to its being definitely disproved, 


but to the general progress of scientific knowledge which robs it of its 
_ credibility; it was in this way that the theory of ‘animal spirits’ died. 
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Such progress of opinion it would take too long to analyse. But a 
discovery in one part of Physiology not infrequently changes so vitally 
the aspect of other parts that I have thought it necessary, even at the 


risk of some prolixity, to go outside the strict limits of the autonomic 


nervous system. 
Lastly it is to be mentioned that I have not included an account 
of Bichat’s work. Although his theory was put forward in 1800, it 


was developed chiefly in 1801 and cannot properly be considered except 


in connection with his fuller statement. 


prevalent belief that all the nerves of the body had their origin in the 
brain and that the brain was the sole source of nervous influence. 
The origin of the nerves meant simply the place where they began, 
without any implication of their arising from any other structure. The 


broad features of the anatomy of the brain were well known, but as 


regards the origin of the nerves the brain meant the cerebrum and 
cerebellum. 

_ The brain consisted of an ash-coloured pulpy substance outside— 
the cortical substance; and of a white fibrous substance inside—the 
medullary substance; the medullary substance ran in part outwards 
forming the cranial nerves, and in part ran downwards forming the 
spinal marrow and the several spinal nerves. 

The nerves consisted of bundles of fibres and the same fibres served 
for giving rise to motion and to sensation: the nervous influence passing 
from the brain caused motion, and passing to the brain it caused sensa- 
tion. It had however been argued from the conditions in palsy that 
motor and sensory fibres were different. 

The theory generally adopted as to the nature of the nervous 
influence was that the brain concocted, or secreted from the blood, 
- an attenuated ‘subtle’ fluid which it forced down small tubes in the 
nerves, the tubes being too small to be visible. The fluid was spoken 


of as ‘animal spirits’;. earlier the term had meant the vapour or 


emanation of the ‘Animus or Rational Soul’; at this time animal 


spirits were simply the medium by which the mind and body influenced 
one another. 


In speaking of the functions of the body it was not uncommon te call those under 
the control of the will or influenced by the passions animal functions, and sometimes 
animal actions were put in contrast with vegetative actions. It may be noted that the 
term brain was often used for the cerebrum alone: 
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_ There were a number of speculations as to the seat of the Mind or 
Soul, and of its particular attributes. These we need not consider 
in detail, it will be sufficient to mention as occasion arises how far the 
Soul was supposed to reside in the cerebrum, the cerebellum, or the 
_ spinal cord. But it must be remembered that it was long before psychic 
processes were specially connected with the grey substance. Whilst 
the cineritious substance of the brain was generally regarded as secreting 
the animal spirits—Malpighi had described it as having a glandular 
structure,—the existence of cineritious substance in the spinal marrow, 
internal instead of external, was mentioned by Ridley and others, 
without their concluding that the spinal marrow gave rise to nerve 
fibres. 

There was another theory of the nature of the nerve influence besides. 
that of animal spirits, viz. that the nerves were tense cords, and that 
the nervous influence were oscillations or vibrations set up in them. 
This however was moribund, and although it was discussed up to and 
- somewhat after the middle of the century, it was usually discussed for 
the purpose of refutation. 

‘There was no sort of agreement as to the way in which the nerves 
caused motion: whether by the animal spirits setting up fermentation 
with something in the muscle fibres, or with something in the blood, 
or by the animal spirits flowing into the muscle and distending it, or 
in other ways. | 

_ Amongst the nerves described was the ‘intercostal’ now usually 
called the sympathetic chain; this was held to arise from the brain by 
two filaments of the fifth cranial nerve and by one from the sixth. 
Its broad anatomical features were fairly well known; its ganglia, 
and most of its communicating filaments with the spinal nerves, ite 
branches to the thoracic, abdominal, and pelvic viscera with their 
chief ganglia, and the various plexuses proceeding from the ganglia. 
The filaments between the intercostal and the spinal nerves were usually 
_ described by anatomists as branches of the vertebral (1.¢. of the spinal) 
nerves, but sometimes simply as communicating filaments. The 
ganglia were generally held to be a special form of nerve plexus, sur- 
rounded and penetrated by membranes. 

A few only of the ganglia on the cranial nerves had been described. 
The lenticular (ciliary) ganglia was known, and it was known that it 
sent branches to the uvea. Willis had described a plexus ganglio- 
formis (ganglion nodosum) on the par vagum, and represented it as 
a ganglion in his figures. A plexus had been described near the origin 
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of the fifth nerve, and this had been called a ganglion by Ridley, but 
little attention was paid to his statement. 
The heart and lungs were known to receive nerves both from the 


par vagum and from the intercostal, and the semilunar ganglion to 


receive a branch from the vagus so that most of the abdominal viscera 
received nerves both from the vagus and from the intercostal nerves. 
Further the bladder and other pelvic viscera were known to receive 
nerves both from the intercostal and from the lowermost rel 
(the sacral) nerves. 

Two main functions were attributed to the intercostal nerve. It 
was the means by which the brain influenced the viscera, and it was the 
chief means of nervous connexion between the different parts of the 
body. Physicians were acquainted with numerous cases in which a 
change in one’ part of the body was accompanied or followed by a 
change in another part, this especially occurred in visceral disease 
in which a morbid condition in one organ led to a morbid condition in 
another, or caused pain in some other part of the body; thus one part 
was said to be in ‘sympathy or consent’ with the other. It was generally 
believed that wherever nerves joined, there were anastomoses between 
the tubes, so that the animal spirits could spread from one. to the-other, 
and it was in this way that sympathies were caused. Junctions of 
nerves occurred in the limb and: face plexuses, but they were much 
more extensive in the course of the intercostal nerve, which was con- 
- nected with all, or nearly all, the spinal nerves and with the fifth and 
sixth cranial nerves, hence the intercostal nerve was the chief agent 
in bringing about sympathy. Amongst the sympathies known were 
some of those now spoken of as ‘referred pain.’ 

Whilst as I have said it was the prevalent belief that the brain 
was the sole source of nervous influence, certain facts had been described 
which were not easily brought into line with it. Thus Boyle had 
found that vipers after their heads had been cut-off—and heart and 
entrails and skin also removed—were for two or three days “put into 
fresh and vivid motion” on being pricked. Baglivi had observed 
that pigeons could fly for several. hours after removal of their brains. 
These observations might however be accounted for by the nerves of 
the spinal marrow retaining animal spirits for a time after decapitation. 
But this explanation was very difficult to apply to an observation of 
Redi, who had kept a tortoise alive for six months after removal of 
its brain, during which time it walked about in the normal manner. 


Moreover Wepfer had described an infant as living in an apparently 
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normal state for 16 hours after birth, yet on post-mortem examination 
it was found to have no brain. And there were one or two other similar 
cases. These observations were neglected by some writers, said to 


__ be erroneous by others, and by others again said to show that the 
_ Sensitive Soul resided in the spinal marrow as well as in the brain, 
and could act on the animal spirits contained in its nerves. 


It had long been known that the motion of the heart, intestines, 
and other viscera were out of the control of the will. But besides 
these there were other motions also involuntary, though the muscles 
bringing them about were ordinarily under the control of the will. 


- Such were the respiratory motions, those set up by external impressions 


which gave rise to motions without any effort of the will, and motions 
caused by passions and other affections of the mind. The theory of 
Willis with regard to these, although it was somewhat modified, had 
a considerable influence on opinion not only throughout this century 
but also in the early part of the next. In giving it, we may mention 
some other of Willis’! views which bear on the autonomic nervous 
system. 

Voluntary movements, Willis said, were produced by animal spirits 
formed in the cerebrum and involuntary movements by animal spirits 
formed in the cerebellum. The cerebrum alone was concerned with 
consciousness. Normally the cerebellum sent out an equable stream 
of animal spirits and so maintained the vital and natural motions, 
such as those of the heart and other viscera, and those of respiration. 
Changes in the viscera, for example that caused by sharp juices in the 
stomach or intestine, set up impressions which were conveyed to the 
cerebellum and disturbed its even function so that it caused changes 
in the heart motion, in respiration, or cramps in the viscera. The 
impression, if vehement, passed through the cerebellum to the cerebrum, 
giving rise to consciousness and to voluntary movement. Similarly, 


_ instinetive movements were ordinarily involuntary and governed by 
the cerebellum, but they might be aided by voluntary movements. 


Emotions and passions led to impressions passing from the cerebrum 
to the cerebellum and like strong peripheral impressions disturbed its 


regular, equable action. 


Willis said that nerve fibres ran separately from their beginning to 


_ their termination, but he also said that where nerves joined one another 
animal spirits could flow from one to the other, and thus sympathies 


were explained without the intervention of the brain. For example, 
~  * Willis’ theories were supported, with some modifications, by Vieussens. 
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the ‘intercostal nerve sent branches to the vertebral nerve (phrenic) 


going to the diaphragm and also was connected with the fifth and sixth 
cerebral nerves, thus a tickling of the ribs causing a movement of the 


diaphragm would set up a sympathetic movement of the muscles of — 


the face in laughter. The vertebral branches to the intercostal nerve 
(i.e. the rami communicantes) were considered by Willis to carry 
accessory supplies of animal spirits to the intercostal nerve, thus the 


brain could affect the viscera by way of the spinal nerves. Amongst 


the functions of the plexuses (i.e. the ganglia) of the intercostal was 
that of receiving animal spirits from several nerves and distributing 
it to other nerves. It will be seen then that from a functional point 
of view Willis considered that the intercostal nerve arose from spinal 
as well as from cranial nerves, but from an anatomical point of view 
it is not clear how far he regarded the nerve fibres of the rami com- 
municantes as being separate fibres arising from the cerebellum and 


how far he considered them as being @ross branches between these and | 


. the nerve fibres arising from the cerebrum. 
Amongst those who restricted the involuntary movements cinemas 


by the cerebellum was Ridley (1695). He allowed that the heart . 


and other viscera were governed exclusively by the cerebellum and also 
_ that. the vagus and intercostal nerves had their origin there. But 
all other involuntary movements with the partial exception of those of 
respiration were brought about by means of the same nerves as were 
used by the Will. Ridley—as Willis and others—considered that 
the Soul consisted of a Rational Part and of a Sensitive Part or Percep- 
tive Faculty. The Perceptive Faculty resided in the cerebrum, cere- 
bellum, and spinal marrow. Willis in his involuntary class had 
included those which were instinctive; in such actions, Ridley said, 


impressions from within or without acted on the Perceptive Faculty 


and a particular action naturally ensued “(as Water when unconfin’d 
runs towards a Plain.” 


_ Ridley defined instinct as “an aptitude of the Nervous Structure, to act according 


to the impressions made upon the Nerves, either from within or without.” Suitable to 
the impressions “the Animal either pursues or avoids the Object, obeys, or resists the 
Impulse.” He distinguished in man three classes of instinctive actions, (a) those of 


instinct proper, performed before having attained the use of the Understanding, (b) habitual 
actions, which were first performed by the Rational Part, but which through frequent 


repetitions were performed out of a blind obedience to the bare impulse and (c) actions 
difficult to distinguish man from a mere machine or automaton. 


Ridley connected the absence of control of the will over the haat 
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and viscera with their early origin, he said they were co-existent with 
the creature and apparently he believed that they were an extreme 
form of habitual actions. The respiratory muscles were partly governed 
by the cerebellum in so far that impressions passed to it by the vagus 
and this affected the Perceptive Faculty in the cerebellum which then 
set the respiratory muscles in action by sending animal spirits to the 
nerves used in voluntary control. The experiments given by Ridley 
in support of this view were on the lines of those of Vieussens. He 
said that removing the whole of the cerebrum in warm-blooded animals _ 
did not stop respiration or the pulsation of the heart, but that on 
cutting the cerebellum in pieces or on its being struck a sudden violent 
blow, the animal at once expired. 


The branches of the vertebral (spinal) nerves to the fabidendial oa 


nerve, Ridley regarded as communicating branches, he said that the 
intercostal did not terminate in the district of the vertebral nerve, nor 
the vertebral in the district of the intercostal nerve: but what function 
they had he did not say. 

One other point in Ridley’s account deserves mention though it 
is probably of earlier date, he described the intercostal nerves on the 
internal carotid as being of a reddish or fleshy colour. 

The movements of the heart and of the other viscera were generally 
believed to be maintained by nervous influence proceeding from the 
_ brain by way of the vagus and intercostal nerves, and as we have seen 
some writers considered that this function of the brain was exercised 
solely by the cerebellum. The belief rested chiefly on experiments which 
had been made on the effects of section of the vagi, or of the vagi 
and intercostals, by Galen', Piccolomini', Willis, Lower and 
others. It had been found that the section caused death sooner or later. 
Galen, it is true, had concluded that since death did not follow at once, 
the movements of the heart were due to changes taking place in it, 
but Willis and Lower had attributed the prolongation of life to 
animal spirits passing to the heart by way of the vertebral (spinal) 
nerves and the intercostals. The fact long known that the heart might 
continue to beat out of the body was not irreconcilable with this theory, 
since it was supposed to be due to a residue of animal spirits in the 

1 Quoted from v. Bezold, Uniers. u. d. Innerv. d. Herzene (Leipzig), 1863. An 
account of the early experiments is given in this book. It may be noted that v. Bezold 
quotes Borelli from the edition of his De Motu animalium, Hag., 1743. The first 
edition was in 1680-1 (Rome). Both Willis and Lower observed palpitation and 
tremor of the heart on section of the vagi; as said by v. Bezold, ee 
have heen due to the removal of the inhibitory action of the vagi. 
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nerves of the heart. On the other hand, Harvey’s theory that the 
beat of the heart was initiated by the distension of the auricle owing 
to a swelling up of the blood, and that the contraction of the ventricle 
was caused by its being distended by the sasipte driven on by the auricle, 
had not died out. 


Some fundamental observations had sie made on the it 


Harvey and Boyle had found in certain animals that when the heart 
was cut up, the pieces would contract in a similar manner to that of 
the whole heart, and Boyle had noticed that when the heart of a 
flounder was cut in two, the parts would go on contracting after the 
blood had been wiped from them. Lower had washed the blood out 


of the heart of a mammal by venous aus and had found that 


this did not stop its motion. 

The effect of local stimulation in causing contedotion, both in the 
body and in parts removed from it, had been assumed or noticed in 
particular cases. The assumption that the heart contracted in conse- 
quence of distension has been mentioned above. It was known that 


for a certain time after the heart had stopped it could be caused to 


move by pricking it. The stimuli to movement were not wholly 
mechanical, thus acrid fluids according to Glisson caused movement 
in the muscles of the body after death; some constituent of the blood 
had been supposed to act upon the animal spirits in the heart, and the 
movements of the intestine had been ascribed to the stimulus of the 
food contained in it. 


In the account just given I have ainated some of the chief positive 
results which were handed down from the previous century. It must 


be remembered that other results had been obtained which were in 


more or less flagrant contradiction to them, and that all were ahenered 
by theories some only of which I have mentioned. 
It must be remembered also that during the greater part of the 


century metaphysical reasoning played a considerable part in physio- 


logical conclusions. The views held by writers as to whether the Mind 
or Soul resided in the brain, or in some particular part of it, or in the 
brain and spinal marrow, or in all living tissues, influenced their views 
as to the region of the nervous system concerned in bringing about 
particular movements and especially as to the =" in which movements 
were produced in response to stimuli. 


Karly in the century (1708) Boerhaave published his Institutiones Medica, which 
the chief 
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reference work on the properties and actions of the different parts of the body. It had 
in. consequence considerable influence upon opinion. Boerhaave belonged to the 
mechanical school of Physiologists. He supported on the whole the theories of Willis, — 
adopting his views that the involuntary nerves of vital and natural functions arose from 


_ the cerebellum, that the brain secreted animal spirits, and that the brain influenced the 


blood flow by means of loops of nerves surrounding the small vessels which mechanically 
compressed them or allowed them to relax. He considered that the sequence of the heart 
beat was due to each contraction blocking the passage of animal spirits to the heart by 
compression of the nerves. 
As marking the course of opinion it may be mentioned that Cheselden in a small 
text book published in 1713 (The Anatomy of the Humane Body, London) considered it 
probable that the minutest branch of every nerve was distinct in the whole of its course 
except in the ganglions, and that by means of these there was a perfect communication 
through the whole nervous system. : 
1727. ; The first considerable step forward was made by Petit. ‘He 
contested’ in 1727 the cerebral origin of the intercostal nerve. On 
dissecting its connexions with the fifth and sixth nerves, he observed 
that these instead of running centrally in the nerves ran peripherally, 


and that together ‘they were smaller than the intercostal nerve at 


its entrance to the carotid canal. Thus the filaments were ascending 
instead of being descending filaments. : 
He confirmed the anatomical results by experiments made on dogs. 
It was known that in the dog and in some other animals the intercostal 
nerve in the neck was in the same sheath as the eighth (i.e. the vagus), 
but since the vagus sent no branch to the eye, the effects on the eye 
of section of the combined nerves could only be attributed to the inter- 
costal nerve. Petit found that section of the nerves caused somewhat 
different effects in different experiments, but in general the membrane 
of the angle of the eye (i.e. the nictitating membrane) partially projected 
over the cornea, the pupil became smaller, the conjunctiva became 
inflamed, the eye became smaller and duller and there was an increase 
of secretion. Most of these effects he found might lessen or disappear. 


His conclusion was that the intercostal nerve supplied animal spirits 


to the: membranes and glands of the eye, to the fibres which dilate the 
pupil, and to the blood vessels of these regions. 

These experiments of Petit definitely showed that the intercostal 
nerve had an influence on various parts of the eye, and that this influence 


_ —whatever its nature—passed from below upwards. Petit did not 


discuss the origin of the fibres of the intercostal, but presumably he 

regarded them as: arising from the brain and passing out with the 
spinal nerves. | 3 

| that of the effects of section of the 
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nerves as well as from the intercostal. The junction of the fibres formed the ophthalmic 
plexus or ganglion; in this, the animal spirits coming by the various nerves mixed. Thus 
when the intercostal nerve was cut, the plexus was less filled, and since there was less 
resistance more animal spirits flowed in by the other nerves and tended to cause recovery — 
from inflammation. There was no recovery as regards the (nictitating) membrane, 
because the fibres of the fifth nerve supplying the membrane did not pass to the plexus. 
His view of the effect on the blood vessels was that in consequence of the deficiency of 
animal spirits the blood could not circulate as easily as before, and gave up more of its — 
fluid which spread over the eye. The blood, having given off fluid, was thicker and could 
not penetrate so easily to the interior of the eye, and when there, did not give off so much 
fluid to the humours, so that the eye became smaller and duller; this was partly due to 
the section of the eighth nerve causing the heart to beat less strongly so that blood was 
driven into the eye with less force. | 


1782. In 1732 Winslow published his Text Book of Human 
Avatomy. Winslow had taught anatomy in Paris for many years and 
had acquired a high reputation. His treatise was translated into other 
languages and thus became widely known. He supported Petit’s 
view that the filaments connecting the intercostal nerve with the sixth 
and fifth cranial nerves were ascending branches passing from the 
intercostal to the latter nerves. The term ‘intercostal’ Winslow 
considered to be inappropriate and he introduced the term ‘great 
sympathetic.’ He said “Ce nom ne répond nullement 4 leur situation, 
ni & P’étendue de leur route...J’ai cru que celui de grands Nerfs sym- 
pathiques leur conviendroit mieux, 4 cause de leurs communications 
trés fréquentes avec la plupart des autres Nerfs principaux de tout 
le corps humain.” Thus he supported the theory that the nerve was 
the principal means of bringing about the sympathies of the body. _ 

In the general term ‘sympathetic’ he included two other nerves, 
the portio dura of the seventh nerve which he called the small sym- 
pathetic, and the eighth pair, the par vagum, which he called the 
medium sympathetic. 

He described with considerable accuracy the filaments connecting 
the great sympathetic with the vertebral nerves as well as its ganglia 
and branches. He did not include in the sympathetic system the 
lenticular ganglion, or the branches of the sacral nerve to the intestine, 
bladder, and generative organs. He described the chorda tympani as 
arising from the seventh nerve and joining the lingual. | 

The idea that the ganglia were ‘small brains’ dates from Winslow. 
It is. true that Lancisi had stated that the ganglia resembled the 
brain, but the point of resemblance in his view was that the ganglia 
were muscular organs and helped to drive on the animal spirits just as 
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the contraction of the dura mater foroed animal spirits along the nerves 
from the brain. Winslow disposed of the question in a paragraph. 
“Ces tumeurs gangloformes ou ganglions différent plus ou moins, 
en volume, en couleur et consistance; on les peut regarder comme 
. autant d’origines ou de germes dispersées de cette grande paire de Nerfs 
sympathiques, et par conséquent comme autant de petits cerveaux.” 
Whether the ganglia on the spinal nerves were also small brains he did 
not say. It is difficult to determine what exactly Winslow meant 

byghis statement, presumably he meant that the ganglia were the origin 
of some of the fibres of the great sympathetic. But he said that all 
the nerves of the body came originally from the cerebrum and cere- 
bellum. The place in the brain where animal spirits was formed was — 
generally thought to be the ash-coloured cortical substance, and 
Winslow described the ganglia qs consisting of a mixture of medullary 
and ash-coloured substance; on the other hand he mentioned the 
ash-coloured substance of the spinal marrow but did not suggest that 
the spinal marrow gave rise to nerve-fibres. Thus the views he may 
have held as to the relations of the enveres parts was left in considerable 
obscurity. 

In view of later discussions, one or bro other points of Winslow’s 
account may be noticed. In accordance with custom he defined 
muscle physiologically, i.e. as consisting of fibres which were capable 
of contraction. The dartos of the scrotum, he said, was a true cutaneous 
muscle; but it was difficult to decide whether the ureter consisted of 
muscular or of membranous fibres. The urea he described as consisting 
of two thin lamin of fibres, one circular round the pupil, and the 
other radiating; they ‘apparently’ were fleshy. 

Winslow’s grouping of the portio dura and of the par vagum 
with the great sympathetic received little support, and his names, 
‘small sympathetic’ and ‘medium sympathetic,’ were rarely referred 
to. At a much later date partial justification was sce obtained 
for Winslow’s scheme. 

Monro (1732) in his Anatomical Treatise of the Nerves thought it 
was not necessary to suppose that in producing sensation animal 
spirits passed backwards in the same tubes as those in which it passed 
forwards in producing motion. He said that the muscles were kept 
in continued action by the influx of blood and of nervous fluid from 
the brain, as was evident from the continued action of the sphincters 
of the bladder and anus, and of those muscles whose antagonists had 
been cut asunder or became paralytic. The view that the muscles 
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and sphincters were kept in a state of continuous contraction by the 
brain was no doubt of old standing. 


In Winslow’s scheme, the small sympathetic delese movements 


in the face, and the medium sympathetic caused movements in the 
larynx. Similarly Monro described the intercostal nerve as supplying 
the flexor muscles of the head and neck. It was in fact long before 


the intercostal nerve was definitely dissociated from an action on certain 


muscles ordinarily under voluntary control. 


Monro considered it an open question whether Petit’s observation of the course 
of the intercostal nerve in the head was correct or not. The question was debated through- 
out the century (cf. p. 251). He described the first cervical ganglion as being connected 
with the first three cervical nerves, and the intercostal below this, as being connected with 
the lower cervical nerves. 


1732 to 1750. For about twenty years after Winslow research 
on the autonomic system followed an uneventful course. Some addi- 


tions were made to a knowledge of the conditions in which contraction 


of the museles of the body occurred. Stuart in 1838 found that if a 
probe were gently pushed down the spinal marrow of a frog the legs 
were at once drawn up; and if pushed into the skull, the eyes and 
sometimes the mouth opened. He attributed the effect however not 
to irritation of the nerves, but to forcing the animal spirits down them. 
Haller (1743) extended the previously sparse experiments on con- 


traction from local irritation, and said that every animal fibre contracted 


on being stimulated. 

It may be mentioned that in 1745 the theory that muscular contraction was due to 
distension of vesicles or cells in the muscle by animal spirits was still advocated (Parsons, 
Phil. Trans: London, Abridged, x, p. 1114), notwithstanding that Goddard in 1669 
had demonstrated to the Royal Society that a man’s arm placed in a vessel of water 
decreased in volume during contraction. Parsons’ paper gives a number of earlier 

Some evidence was obtained that the cardiac nerves influenced the 
heart. Kaau—a nephew of Boerhaave—stated (1747) that in dogs, 
the heart when pulsating languidly after removal of the cranium pulsated 
more quickly on irritating the cerebellum and medulla oblongata, and 
Laghi (whom I quote from Whytt) found that a similar effect was 
obtained by stimulating the cardiac nerves. 

Both Senac! and Haller® had supported the theory that the 
motions of the heart were due to local effects. Senac considered 


1 Quoted from the reference given in the 2nd Edit. of de Senac’s Traité de la 
Structure du Cour, ete. etc. (Paris), 1777. 
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that the impulsion and movement of the blood set in action the animal 
spirits in the nerves of the heart; the supply of animal spirits being 
however kept up by the brain. Haller ascribed the heart motions 
to stimulation by the venous blood. 
The effect of pricking and other meckanical stimulation was observed _ 
not only on the muscles of the body and on the heart but also on the 
intestine, and peristaltic contraction had been ascribed to distraction 
or stretching of the fibres. | . 
The reference to animal spirits became in general more tentative, 


though the power of the mind over the body was still believed to be — 


exercised by means of a subtle fluid. Langrish (1747) considered it 
to be of the nature of sether, and that it caused contraction by increasing 


the attractive force of the particles of muscle. 


_- Merkel (1749) noticed two points about the ganglia of considerable 
importance, but he misinterpreted them, and it was not until the 
first quarter of the next century that their importance was much 
appreciated. I have mentioned that Ridley described the intercostal 
branches on the internal carotid as being of a reddish or fleshy colour. 
Winslow said that they had oftentimes neither the colour nor consis- 
tence of nervous filaments, for they were reddish and often in a manner 
mucilaginous, and Monro stated that they were soft and pappy. Merkel 
—though possibly unaware of these statements—extended the descrip- — 
tion to all nerves issuing from ganglia. He said that nerves on passing 
through ganglia became redder and softer. Further he noticed that 
the sum of the nerves issuing from a ganglion was much greater than 
the nerves running to it. He attributed the differences to the entering 
nerves having a dura mater, and to the issuing nerves having a special 
vascular sheath derived from the ganglion, and held that the nerve 
fibres ran through the ganglion unaltered either in character or number. 
Merkel described the maxillary ganglion—sending five to seven nerves 
to the maxillary gland,—and the spheno-palatine ganglion. 

Merkel’s observations were probably made chiefly on the semilunar and other ganglia 
immediately connected with the viscera. But his account was not quite logical for — 
though he described correctly the splanchnics as running to the semilunar ganglia and 
so being like ordinary nerves, he said that they had issued from the thoracic ganglia of 
the intercostal, so that on his generalisation they should have been softer and redder. 
And his observations were not wholly correct, for whilst he described the increase in 
the nerves passing through the ophthalmic ganglion, he said the issuing nerves differed 
in appearance, as in other cases, from the entering nerves. The function of the spinal 
ganglia he thought was to gather together the nerve rootlets into a single nerve, and 
perhaps to allow an admixture of fibres from the cerebrum and cerebellum after Willis 
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Boerhaave after publishing his Institutiones Medic used the book as # basis for his 
lectures. These lectures were edited by Haller from notes taken by himself and others, 
and he added observations of his own (Comment. in Praelectiones Boerhaavii, Gottingen, — 
1739-44). This work to a large extent took the place of the [nstitutiones as a reference 
book in Physiology. In 1747 Haller published his own lecture notes (Prime Linea 
Physiol). 

1751. In 1751 there was issued an Essay by Whytt “On the Vital 
and other Involuntary Motions of Animals.” Whytt brought a very 
— acute intelligence to bear on the problems of the day. His conclusions 
were largely drawn from clinical experience and from a critical examina- 
tion of the accounts of others. He made some experiments chiefly 
on the movements of the heart in recently killed lower vertebrates, 
but these did not differ in kind from those of earlier observers. 

The point of chief importance in the Essay was in its laying the 
foundation for his subsequent more explicit statement that the great 
sympathetic was not specially concerned with the sympathies. : 

Whytt’s main object was to explain all the motions of the body 
on the basis of the animistic hypothesis. He adopted the current 
classification of these motions. The ‘vital’ motions were those which 
were never influenced by the will, the typical examples were the motions 
of the heart and the intestines. The ‘other involuntary motions’ 
were the bodily movements which were produced independently of 
the will, but which could also be produced voluntarily, é.e. those some-— 

times called ‘mixed.’ 

- Whytt argued that all the involuntary motions, whether vital 

no, were due to stimuli, which acted on the ends of the nerves and by 
means of these affected a “sentient principle.” The sentient principle 
in its turn acted on the nerves and caused motion (7.e. muscular contrac- 
tion). The motions were produced without the exercise of the reasoning 
faculties. If the brain (i.e. the cerebrum) were present, the motions 
might be accompanied by consciousness, but this was not necessarily 
the case. Since stimuli could cause complicated movements in lower 
animals, such as the frog and tortoise, after their brains had been 
removed, the sentient principle was not confined to the brain but resided 
also in the spinal marrow; though in this case there was no conscious- 
ness. Further organs and muscles after removal from the body still 
moved in response to stimuli, it was therefore probable that in these 
also the sentient principle resided and caused the movements. Thus 
all vital and other involuntary motion was due to an action on the 
sentient principle. The sentient principle was the soul or mind. This 
did not imply that the soul was divisible, for the indivisibility of the 
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soul didnot depend upon the nity ofthe body but upon ita own pat 
cular nature. 

Putting the case another way, it was that all motion implied life, 
and life implied something independent of matter, and this something 
could only be the soul. It was therefore reasonable to conclude that 
all motion was caused by the soul. — 

Whytt's hypothesis has many connexions with that of Ridley 
(p. 230). Both insist on the fundamental notion of what is now called 
reflex action, viz. that a given impression or stimulus necessarily gives 
rise to @ given motion, and both considered an immaterial principle— 
the Sentient Principle of Whytt, the Sensitive Soul or Perceptive 
Faculty of Ridley—to be part of the chain of events. Whytt however 


- considered that the immaterial principle resided in the nerves as well as 


in the central nervous system. 


thes ll tho ections of lower animals were 
instinctive, Whytt (1766) allowed voluntary motion even to insects. 

Whytt dealt with a number of subjects bearing more or less on 
the autonomic system. He gave a truer picture than had been given 
by any one person. For this reason I shall briefly mention his views, 
but it must be remembered that these for the most part were gathered 
from a number of sources. 

It had already been said that organs removed from the body 
contracted, or could be made to contract, because the nerves contained 
a residue of the animal spirits which they had received from the brain. 
Whytt adopted this view, so far as it went, but he used the more neutral 
term “nervous power or influence’ for ‘animal spirits,’ and he stated 
definitely that it was prepared in the spinal marrow as well as in the 


brain, He accounted for the different duration of life of different parts 
of the body after removal from it, by differences in the constitution of — 


the nerves, so that the nervous power contained in them lasted unequal 
times in different cases. 

He considered that in normal life there was a constant flow of nervous 
power to the muscles and to the sphincters of the bladder or anus, 
keeping them in a constant state of tension (cf. p. 235). 

_ The normal stimuli he held to be of two kinds, viz. stimuli caused 
by the constituents of the contained fluids (i.e. chemical stimuli), and 


- stimuli caused by distraction or stretching of the fibres (i.e. mechanical 


stimuli), The relative effect of the two kinds of stimuli varied in 
different cases and in different pathological conditions; thus in the 
intestine the aliment and juices were only a gentle stimulant, but the 
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chief stimulus was the distraction or stretching of the fibres. In the 
bladder, contraction was caused normally by the stretching of its 
fibres, but in inflammation the urine became a stimulant to contraction. 


Except in the case of sphincters Whytt considered that a continued 


stimulus set up a series of contractions; he explained the absence of 
continued contraction by a decrease in sensation during the contraction 
period; and he pointed out that a continuous stimulus must act for 


some time after it had produced a contraction before it could produce 


another. 

Although the conclusion is not definitely stated, Whytt apparently 
considered that quiet vital motions were due to stimuli acting locally 
upon the nerves in the organs or parts, but that stronger ones were due 
to a reflected action from the central nervous system. 


It has been mentioned above that some evidence had been obtained | 


that irritation of the cardiac nerves caused the heart to beat. Whytt 


mentioned that “‘some young gentlemen” hanged a cat, and on cutting 


open the thorax found that the heart had stopped, but that squeezing 
the nerves caused the heart to beat, and this was repeated several 
times. 

Whytt (1766) also quotes an interesting experiment told him by 
Hales. Hales observed the circulation in the web of frogs which 
he had decapitated after tying a ligature round the neck. He found 
that the circulation continued for as long as thirty hours. 

Erection of the generative organs was usually ascribed either to 
a compression of the veins by surrounding muscles or to a mechafiical 
compression of small vessels by the nerves wound round them. Whytt 
attributed it to an increased flow of blood. To this also he said the 
swelling of the comb in fowls and blushing in man was due. But the 


time had not come for any correct idea to be formed as to the way 


in which increased blood flow was caused. Why tt adopted the custom- 
ary theory that peripherally of the beginnings of the capillaries there 


were vessels of much smaller calibre which ordinarily admitted fluid — 


only. From the data available he calculated that the force of the heart 
beat was insufficient to drive the blood through them, and in consequence 
that the circulation must be aided by the contraction, possibly peri- 
staltic, of all or most of the peripheral vessels. 

Since no movement was visible in the vessels, he said that the movement was of a 
vibratory or oscillatory nature. ‘This movement was increased by nervous influence 
and caused more blood to be driven onwards, thus the very small vessels were distended, 


and were filled with blood instead of with fluid only. His account is, however, obscure 
many points. 
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Whytt adopted with some modifications Willis’ theory of the relation of the 
cerebellum to the organs of vital motion. He considered that these organs received 
their fibres more plentifully, if not wholly, from the cerebellum and spinal marrow. 
But as the musoles of voluntary control received blood vessels, these also must receive 
nerves from the cerebellum and spinal marrow. Thus two sets of nerves were distributed 
to the same organ and they might work independently. 

Whytt supported the view that there was no active movement of the lungs in 


expiration, and that expiration was passive. He thought that at the end of expiration 
the blood stretched the sensible fibres and membranes of the lungs and so stimulated the 


inspiratory muscles. 


“175A, 1752. It was at this time fully accepted that the flow of 
tears and of saliva was caused by the brain acting in some way on the 
lachrymal and salivary glands through the nerves. Nuck in the preceding 
century had stated that the secretion of glands was much diminished 
or stopped by obstruction or compression of their nerves. It had long 
been known that the idea of a stimulus had often the same effect as the 
stimulus itself, thus in a hungry man the idea of food caused a flow 
of saliva. The secretion was usually held to be due to a contraction 
of the ducts, or to pressure on the glands by external muscular contrac- 
tion. The process of secretion was briefly considered by Whytt in 
1751, and was treated at length by Bordeu in 1752: Both contested 
the theory that secretion was caused by external muscles pressing on 
the glands, but Bordeu thought that the muscular contraction 
stimulated the gland so that it became tense and underwent a kind of 
erection. Both pointed out that there was a greater flow of blood 
through glands during secretion and attributed it to an action of the 
nerves on the blood vessels; according to Whytt the action was an 
increased oscillatory motion of the small vessels, according to Bordeu 
it was greater systole and diastole of the arteries. And Bordeu, 
much as Whytt, considered that secretion involved “quelques nuances 
de sentiment,” not to be confused with feeling proper. Their views 
of the mechanism of secretion were founded on the old idea that glands 
contained small vessels which according to their size allowed certain 
particles of blood only to pass through them. Whytt thought that 
the increased blood-pressure simply forced open these small vessels. 


- Bordeu considered that the vessels were provided with sphincters, 
the size of which were regulated by nerves. Thus Bordeu approached 


a step towards the idea of a secretory nerve. He also distinguished 
between excretion and secretion, but the mechanism of excretion was 
not made clear. 
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A sesliiiinli of the century glands were classified as conglobate—the lymph glands, 
The classification of glands was still very 
imperfect, and results obtained from the salivary glands—on which most observations 
had been made—were apt to be applied indiscriminately to the kidney, thyroid and thymus. 
Thus Haller when contesting the general view that glands were plentifully supplied with 
nerves, gave the thymus as showing that they had very few. 

Trembley’s recent paper on polyps (Hydra) (1744) had called 
attention to intermediate forms between plants and animals. Bordeu 
spoke of these as “végétaux animalisés” and said “ainsi un animal 
est composé de différentes parties qui appartiennent chacune 4 differens 
régnes de la nature”—a statement which contains the germ of the 
theory developed later by Bichat. 

1752. Haller’s paper on the sensibility and irritability of the 
different parts of the body appeared in 1752. Haller had been a 
pupil of Boerhaave and had at first adopted most of Boerhaave’s 
views. Boerhaave considered that practically all parts of the body 
could give rise to pain and were capable of movement. Early experi: — 
ments convinced Haller that Boerhaave’s statement was too general, 
and this conviction gradually led him to make a systematic series of 
experiments upon the sensitiveness and power of movement of the 
different parts of the body. His method was to pinch, tear, burn, — 
and apply irritating fluids such as oil of vitriol to the organs and tissues 
of the living animal and to observe whether the stimuli gave rise to 
signs of pain, or to local contraction. By sensibility then he meant — 
the power of causing pain and by irritability the power of parts to 
contract in response to stimuli. I shall substitute contractility for 
Haller’s irritability so far as is necessary to make his meaning clear. 

The great stir made by Haller’s paper was not due to his theory of irritability, but 
to his statement with regard to sensibility. He found that the tendons, the duramater, 
the peritoneum and other serous membranes, the periosteum and marrow of bones, the — 
iris, could be cut, torn, and otherwise maltreated in the living animal without causing the 
least sign of sensation. Most surgeons in all countries had considered several of these 
to be extremely sensitive and to be dangerous to operate on, so that Haller’s results 
involved a radical alteration in surgical treatment. Numerous experiments were made on 
Haller’s lines and for the most part they confirmed his results. The accounts of those 
who supported Haller (about two dozen) were collected by him, in the Mémoires sur 
les Parties Sensibles et Irritables, etc. (1756-1760). Only a few of these gave experi- 
ments on irritability. A similar collection on the opposite side was made by Fabri. 
The general question of sensibility is outside the scope of the present sketch, but it must 
be noted that in the parts in which Haller found no sensibility, he either denied the 
presence of nerves, or said that the nerves present ran to other parts. It had not yet 
been recognised that motor and sensory nerve fibres were different, though Monro in 1732 
had suggested as much, and Haller considered the degree of sensitivencas to correspond 
with the number of nerves, subject to their being equally exposed. . 
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_ The experiments which have a bearing on the autonomic system 
are those on the sensibility of the viscera and on contractility. It had 
. long been recognised that there was very little localisation of sensation 
in the viscera, and at various times it had been recorded that handling 
or cutting the heart and intestines caused little or no pain. Haller’s 
results need not be given in detail, it is sufficient to mention that he 
found the lungs, liver, spleen and kidney to give very feeble signs of 
sensibility. Whilst Haller did not take sufficient account of the 
extreme pain sometimes caused in visceral disease, even when this flaw 
in his conclusions had been pointed out by Whytt and others, his 
work served to establish on a firmer basis certain differences between 


the sensitivences of the viscera on the one hand, and of the skin and ee 


muscles on the other. 

Some of Haller’s jniindons, though they were opposed to 
Boerhaave’s teaching, differed but little from those of some of his 
predecessors except that they were more definitely stated and rested 
on @ wider experimental basis. He said that sensibility was confined 
to nerves and irritability (contractility) to muscle; it must be observed 
that his only criterion of muscle was a contraction taking place in 
fibres, and this had long been the criterion. He said however— 
chiefly in his later paper—that former observers had confused with 
contraction a change of form sometimes resulting from elasticity and 
sometimes from a shrinkage such as might be produced in dead muscle 
by oil of vitriol. He said that contractility was independent of sensi- 
bility since there was no correspondence in the degree of the two in 
different tissues; for example the heart and intestines were much more 
contractile but much less sensible than animal muscle. Haller referred 
the different. duration of contractility in different organs and muscles 
after death to their inherent differences, and he considered that vital 
organs were distinguished from others by having a = greater 

contractility. 

The important theory of Haller was that contraction aa be 
brought about by stimuli without the intervention of nerves, or of 
any other intermediary agent. He considered that contractility was 
the inherent property of the glutinous as distinct from the earthy 
portion of muscle. 

Haller did not find any tissues to be contractile which had not 
before been held to be so. But on the other hand he found no evidence 
of contractility in some parts of the body which had previously been 

congener comers; these were the arteries and veins, the gall 
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bladder and bile duct, the lung and spleen, the ureter, the skin and 
dartos of the scrotum, and the iris. His account of these however 
was not quite consistent; he also spoke of the ducts as having an 


extremely feeble contractility, and did not absolutely deny that the blood — 


vessels might be contractile though he had not found them to be so. 
Haller’s theory of the independent irritability of muscles depended 
chiefly on his métaphysical conceptions. He argued that sensation 
resided in the brain alone. Since a muscle could still contract when 
removed from the body, it could not have sensation. An unconscious 


sensation was a contradiction in terms. Therefore irritability was — 


independent of sensation. This position only touched that taken up 


by the animists by denying the possibility of sensation without con- 


sciousness. The animist position allowed that sensation in Haller’s 
sense only existed in the presence of the brain, but argued that there 
was another kind of sensation which existed wherever there were nerves 
in a still living condition. The common theory of the time that contrac- 
tion was in all cases caused by the nerves was quite untouched by 
Haller, apparently it did not cross his mind that the irritants he applied 
might stimulate the nerves in the muscle and not the muscle direct. 
Some of the contractions which Haller attributed to a direct action 
on the muscle were in fact due to an action on the nerves in the muscle. 

Whytt’s theory that contraction involved some kind of sensation 


died out amongst physiologists, as they ceased to consider metaphysical 


questions, but the views which he and other opponents of Haller 
advocated as regards the sensitive and contractile parts of the body were 


in accord with general clinical experience and with subsequent observa-— 


tions and most of them were in no long time generally accepted. 
_ Haller’s theory placed contraction in a new light, it gave a death 
blow to some of the wilder hypotheses as to the nature of muscular 
contraction, and it influenced thought in many subtle ways, but in 
the eighteenth century it made little way against the older theory that 
muscle could only be made to contract through its nerves. : 

The power of muscle in virtue of which it contracted was called by 
Haller the vis insita; the power of the nerve in virtue of which it set 
in action the vis insita, he called the vis nervosa. The latter term more 
or less displaced the term ‘animal spirits’ and it lasted till nearly the 
middle of the next century. 

The continuation of the movements of the heart and diaphragm 
in sleep, Haller (Elem. Physiol.) attributed to their greater natural 
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It has been stated by nearly every writer that Glisson anticipated 
Haller in his theory of irritability. The statement is only partially 


true. Glisson anticipated Haller in so far as he considered that __ 


contraction could be produced independently of conscious sensation 
and independently of nerves, and this was the form in which the problem 
presented itself to later writers. But it was not the form in which it 
presented itself to early writers. Glisson’s theory as regards con- 
traction was a part of his general theory that all matter had a psychic 
element (perceptio naturalis), inseparable from it. The stimulus 
affected the natural perception and this brought about the contraction. 
There was thus an event intervening between the stimulus and the ~ 
movement. On Haller’s theory there was no event intervening 
between the stimulus and the movement. Implicitly he denied the 
psychic element, though he did not directly deal with it. He suggested - 
that contractility might be due to the arrangement of the final mole- 
cules of matter in the living muscle but he said he would risk no 
conjectures about it. : 

The word irritability was used by Glisson for any response to stimuli; even blood 
was irritable. Shortly before 1852 several papers appeared on the irritability of muscle; 
some of these were by Haller’s pupils and all apparently in consequence of Haller’s 
work. He stated that he began his chief experiments in 1746; he gave a short account 
of his theory in 1751 (Prim. Lin. Physiol.). 

It is an interesting fact that the two most able defenders of 
Haller’s theory, viz. Fontana and Caldani, found it necessary 
to modify it by introducing an event between the irritation and 
the contraction, and that neither they nor anyone else treated this 
- a8 a@ modification of the theory. It had been objected that since a 
local prick of the heart caused contraction of the whole organ, the 
contraction could not be due to a direct action on the muscle, for only 
a few fibres out of the very large number of which it consisted were 
touched, the contraction must therefore be due to irritation of the 
nerves and these conveyed nervous power to the whole of the fibres. 
Fontana and Caldani compared the stimulus—as Willis had done 
—to a spark igniting a charge of powder, an explosion was set up ~ 
locally, and then spread to all the other parts. Thus the irritating 
agent set up a preliminary change, and the preliminary change caused 
the contraction which could in modern language be conducted from 
fibre to fibre. | 

An argumen against the contraction of the heart caused by 
a sufficient store of animal spirits to account for the number of contractions. This 
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argument ceased to be of value when the action of the nerves ceased to be regarded as | 
uced by an outflowing of fluid. 

| piso 3 es observations on polyps (1744) were utilised by Haller in support of his 
theory of irritability. He argued that as these animals—at the time they were often called 
insects—had no nerves, it was clear that their irritability did not depend on sensibility 
which was a property of nerves alone. To this W hy tt replied that nerves might be present 
in polyps though they had not been discovered, that it also had not been shown that 
‘they had muscles, so on Haller’s reasoning it followed that irritability was independent 
of muscles. He allowed, however, that some lower animals might have the power of 
motion and sensation without having either nerves or muscles. 

Fontana, Whytt and others discussed at a the action of - 
especially opium, in relation to independent contractility. was generally agreed 
motions of the heart must be due to ite nerves. Haller’s school denied that it stopped 
the heart. Since this discussion led to nothing decisive, I omit it. u 

Both Haller and Whytt contested the theory—advocated by Boerhaave and in 
a modified form by Monro—that the rhythm of the heart movements was due to com- 
pression of its nerves, Haller, as I have said, attributed the movement to direct 
stimulation by venous blood; when the heart contracted and drove out the blood, the 
stimulus ceased. Whytt attributed it partly to stimulation by the constituents of the 
blood, and partly to stretching of the fibres of the heart, both stimuli acting on the 
nerves; and he said that the heart contracted more strongly the greater the quantity 
of blood passing to it. | 

On Haller’s theory the heart beat was not influenced by the brain 
or by the nerves in the heart. This was opposed to the view generally 
held early in the century, and we have seen that some experiments 
had been made since, which tended to show that irritation of the cardiac 
nerves influenced its movements. Haller’s view was supported by 
Fontana and by Caldani. They stated that in frogs irritation of 
the brain and spinal marrow whilst causing contraction in the body 
muscles had no effect upon the heart. The same result was obtained 
by Haller. | 


It may be mentioned that throughout the century the vagi and intercostal nerves of 
animals were from time to time cut on both sides in the neck—as in old experimente— _ 
with a view of determining whether the heart beat was maintained by the brain. The 
effects of the double section were of too complicated a nature to be analysed at the time, 
and we need not mention them further. Similar experiments were made on irritation 
or destruction of the cerebellum, on the hypothesis that the cerebellum controlled vital 
_ movements. These also led to nothing decisive and may be omitted. 

Haller’s Elementa Physiologica was published in successive volumes from 1757-1766, 
and became the standard work on Physiology. In some parts of this work, Haller 


allowed that the brain had an effect on the heart, and kept up its irritability, but the 
statements do not agree with one another. | 


_ 1765. In this year Whytt developed his theory, already contained 
in his earlier work, that the sympathies were not due to the anasto- 
moses of nerves, but were solely due to an action taking place by way : 
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of the brain and spinal marrow. He gave » number of instances of 


‘sympathy between parts which had no connexion except through the 


brain or spinal marrow, and pointed out that on the destruction of 
these, all sympathy ceased. He adopted the view that all nervous 
filaments whether in the intercostal nerve or elsewhere ran quite distinct 


_ from one another from their origin to their termination, that each 
_ nervous filament was composed of lesser threads, and that no idea could 


be formed of the exility of a single nervous fibril. He said that every 


. sensible part of the body had a sympathy with the whole, but that there 


were in addition particular sympathies between particular organs. He 
maintained that as regards the sympathies it was useless to inquire 
minutely into the connexions of the intercostal nerves, and he argued 
against the view that the ganglia had anything to do with the sympathies. 
If it were objected that it was as difficult to account for a sympathy of — 
nerves at their origin as on their course, he answered that it was not 
his object to explain how sympathy occurred, but to trace it to its true 
origin, viz. to the brain and spinal marrow. 


One or two other points in Whytt’s Paper deserve notice. He pointed out that 
i caused convulsions of the body but did not do so when the part was — 


tickling 
inflamed, so that the effect of a peripheral stimulus depended upon the particular sensation 


excited in the sensorium commune. The effect of emotions, he thought, were due some- 
times to an increase and sometimes to a decrease of a nervous flow from the brain, thus 
in anger there was an increased nervous flow, in fear there was probably 4 decrease. The 


_ fact that some people became pale with anger might be due to a spasm of the small arteries 


of the face; whilst the pallor from fear might arise from a deficiency of nervous 
power. Throughout the rest of the century, it was generally accepted that nervous 


_ influence could cause an increase of blood flow—or as it was often put, an afflux of humours. 


insisted on. 


- 1764 to 1771. During the period of which I have spoken 
very little was said of the function of the ganglia, except on the 
old lines that they were a special form of plexus. The question 
of their function was taken up by James Johnstone in 1764, and 
discussed at length in “An Essay on the Use of the Ganglions of the 
Nerves,” in 1771. Johnstone, like Whytt, relied chiefly upon his 
clinical experience, his knowledge of anatomy—he had been a pupil of 
Monro—and on the statements of fact which had been made by previous 
writers. He elaborated the view, briefly stated. by Winslow, that 
the ganglia were similar in nature to the brain, and he gave an entirely 
new theory of their function. 

Johnstone said that the ganglions were similar to the brain in 
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their structure since they consisted of a cortical and a medullary 
substance nourished by small blood vessels. This in fact was all 
that could be said about the minute structure of the brain. In 
both brains and ganglions the medullary substance consisted of 
nerves and arose from the cineritious substance. Thus the ganglions 
were “little brains or germes of the nerves detached from them.” * It 
was known that nerves passed to the iris from the ciliary ganglions, and 
to the heart, abdominal and pelvic viscera from the ganglions of the 
great sympathetic. None of these were under the control of the will. 
Johnstone’s conclusion was that, all the organs of involuntary move- 
ment received nerves from ganglions. He said that all the ganglia 
received nerves from the brain and spinal marrow and by these nerves 
were supplied with nervous power which they stored up, and which 
they could supply to the vital organs for a considerable time after 
being separated from the brain and spinal cord. 

The ganglions were “subordinate springs and reservoirs of nervous 
power.” Thus the possibility of evoking contraction in isolated organs 


- was not due, as on previous theories, simply to the animal spirits or 


nervous power remaining in the nerves, but to the continued supply 
of nervous power by the ganglia. But apparently both in this case and 
in normal conditions the stimuli acted on the nerves direct and not by 
way of the ganglia. | 3 | 
_ The theory that the ganglia were reservoirs of nervous power was 
a natural development of Winslow’s statement that the ganglia were 
small brains and of the current theory of the action of the brain. The 
essentially new theory of Johnstone was that the ganglia served to 
hinder the passage of nervous power from the brain to the involuntary 
organs and from the involuntary organs to the brain. There are here 
three cases to consider. | 

The will was unable to cause nervous power to pass from the brain 
in sufficient intensity to overcome the resistanée offered by the ganglia, 
and it was in consequence of this, that the vital organs were not under 
the control of the will. The ganglia were thus the means by which 
voluntary actions were converted into involuntary ones. “In a word, — 
the Ganglions limit the exercise of the Soul’s authority in the animal — 
economy and put it out of our power by a single volition to stop the 
motions of the heart, and in one capricious instant irrevocably to end 
our lives.” 

The effect of strong emotions and passions on the vital organs 
Johnstone considered to be due to the impressions on the brain being 
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- much more violent than those set up by the will, and thus the nervous 


power was able to pass through the ganglia. 

_ The dull and imperfect sensation of the viscera in health was due 
to the ‘sensible perceptions’ being largely, but not entirely, stopped 
in the ganglia; the inaccuracy of the sensation was due to the con- 
nexions in the ganglia of the nerves coming from various regions. In 
disease, the intensity of the ‘sensible perceptions’ was so great that 
the ganglia afforded no bar to their passage, and great pain might be 
caused. 

The ganglia on the spinal nerves, Johnstone thought, were on 


the course of the nerves to the sympathetic, they were simply the first 


of a series between the brain and spinal cord and the involuntary organs. 
They were “the first checks to the usual power of volition.” | 

Johnstone urged that the experiments which had been made upon 
the effects of irritating the spinal marrow afforded proof of the truth of 
his theory. The irritation caused body movements but did not alter 
the heart beat or cause movement of the intestines. He confirmed 
the result by experiments on frogs and cats, and argued that the 
absence of effect on the heart could only be due to the nervous influence 
being stopped on its way to the heart, and that the only place in which 
it could’ be stopped was in the ganglia. — 

Johnstone treated rather cursorily involuntary movements other 
than those of the viscera. He referred however to two, namely the 
movement of the diaphragm in sleep, and the movement of the pharynx 
in deglutition. He said that in these and in other similar cases, the 
muscles were supplied with two different kinds of nerves, one without 
ganglia which were used in voluntary movements and the other with 
ganglia which were used in the ordinary quiet involuntary movement 
set up by gentle stimuli. 


Like other theorists Johnstone was apt to underestimate the weight of facts which 
did not harmonise with his views. He was well aware that section of the phrenic nerve | 
stopped the movements of the diaphragm. This effect he said, showed “that its motions 
have very little dependence upon the minute filaments which it receives from the sympa- 


_ thetic.” “In spite of this he attributed the movements of the diaphragm in sleep to the — 


sympathetic. And in the later edition of his Essay in 1795, in answer to the argument 
that the presence of a ganglion on the fifth nerve was inconsistent with his theory, he 
stated that as the result of dissection he agreed with Wrisberg and older observers — 
that there was no ganglion present but only a plexus. 
- Johnstone does not seem to have known the accounts of the existence of a ganglion 
in the upper part of the vagus. He considered that the vagus, with the exception of 


: the branch running to the semilunar ganglion, belonged to the animal system and was 
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viliseciiiali une the branches to the heart, he said, were chiefly distributed to 
the pericardium and large blood vessels. 
second and third divisions of the fifth nerve. On the supposition that they were constant 
(Haller had said they were not) he remarks “the nervous twigs on which they have been 


observed, being chiefly distributed to the salivary glands, the jaws, tongue, palate, throat — 


and nostrils; may they not be supposed to have some use in glandular secretion.” 
Whytt’s theory that none of the sympathies of the viscera were 


brought about by inter-communication of nerves in the great sympa-— 


thetic was not adopted by Johnstone. He considered that many of 
‘the sympathies were due to the connexions of the nerve fibres in the 


ganglia. “Any violent irritation which by its stimulus affects any of 


_ the filaments of the intercostal nerves up to their origin in their respective 
Ganglions, will also act by consent upon, and affect all the filaments 
which have their common origin in such Ganglions: And hence sym- 
pathetic symptoms will arise in the first place in the parts of the 
Abdomen and Thorax supplied by the great sympathetic nerves and 

afterwards in the rest of the body nearly in the order in witch these 
nerves are connected with the rest of the nervous sys 

Johnstone’s theory of the function of the ganglia so der as it 
concerned the viscera afforded a simple and coherent theory of most 
of the facts known at the time. It did not disappear _ nearly the 
middle of the next century. 

1771. An analysis of voluntary and involuntary movements, 
based on the data contained in Haller’s Elementa Physiologica was 
made by Unzerin 1771. He started from the premiss that the Mind 
or Soul resided only in the brain. Consequently all the reflected actions 
which occurred in animals after decapitation were due solely to the 
properties and arrangement of the nerves. Similar reflected actions 
occurred in the brain, and on the peripheral course of the nerves. He 
quoted from Haller and adopted the old statement that all nerve 


fibres start in the brain and run a separate course to their termination, — 


but he did not explain how in this case the nervous power passed from 
one nerve to another. He advocated the view that different ‘nerve 
fibres were concerned in carrying impulses to and from the brain. _ 
We have seen that the normal movements of the heart and other 
viscera had been ascribed to the local action of stimuli on the muscle 
of the viscus, and also to a local action on the nerves in it. Unzer 


considered that the movements were caused by stimuli acting locally 


on the nerves, but thought it probable that the nerves did not cause 
contraction directly, but by a reflected action in the ganglia. 
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_ Unser introduced a new terminology. He said the whole nervous system had the 
property of ‘Sinnlichkeit.’ A sensory impression (Sinnlicher Eindruck) set in action 
the nervous force—Haller’s vis nervosa—this in the normal condition was transmitted 
to the brain and there could give rise to a reflected action with or without consciousness. 
But the vis nervosa could also be reflectéd at different points of its course, either in the 
spinal marrow, or in ganglia, or where nerves branched. From the general tenour of 
Unzer’s account I have assumed that he did not include any psychic element in ‘Sinn- 
lichkeit,” but I have not found that he made any direct statement on the point. The 
theory that reflected action occurred in the ganglia was supported by Prochaska and 


_ Prochaska (1784) in his account of the functions of the nervous 
system followed much the same line as Unzer ag regards the points I 
have mentioned above, though his general mode of treatment is very 
different. Prochaska however recognised the origin of nerves from 
the medulla oblongata and medulla spinalis as well as from the brain. 

1772 to 1799. From 1772 up to the end of the century there were 
a considerable number of anatomical observations upon the intercostal 
nerve and its branches. The observations were chiefly on the con- 
nexions of the several cranial nerves with the intercostal: whether 
the fifth nerve-was connected with it, and if so, whether the con- 
nexion was with the ophthalmic division only, or with all three 
divisions; whether the seventh, eighth and ninth (hypoglossal) were 
also connected. The majority of writers clung to the old view that 
the connexions consisted of nerve fibres running from the brain to 
the intercostal, but Iwanoff, Fontana and Girardi supported the - 
view of Petit and Winslow that the fibres ran from the intercostal 
to the cerebral nerves, and Fontana (1791) described the filament 
to the sixth nerve as running wholly peripherally. The connexions 
of the intercostal with the spinal nerve were held by almost all observers 
to proceed from the spinal nerves, and Scarpa in 1779 said that he had 
traced the connexions into both roots of the spinal nerves. Iwanoff, 
however (1780), considered that both the spinal and the cranial con-— 
nexions of the intercostal arose from the ganglia; his view was based 
on'the fact that there was no correspondence in size between the spinal 
nerve connexions and that of the branches proceeding from the ganglia. 

The course of the nerve fibres in the ganglia were more accurately 
followed, and the intermingling of fibres, mentioned by earlier observers, 
was specially dwelt on. This was usually interpreted in the old sense, 
as a special and very intimate form of plexus, and Meckel’s statement 
that the ganglia were places in which fibres from various sources were 
sorted out and rearranged was widely accepted. On the other hand 
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some observers regarded this plexus on the lines of Johnstone’s theory, 
as indicating a new nervous organisation; and they had more or less 
tendency to consider that the ganglia gave rise to new nerve fibres. 
This was to some extent supported by descriptions given from time to 
time of the presence in the ganglia of a cineritious substance comparable 
to that of the brain. 3 

Some differences were noticed between the ganglia of the spinal 
nerves and the ganglia of the intercostal nerve, but they were unim- 
portant, 

Prochaska in 1779 and Monro—the second of that name—in 
1783 described the ganglia of the spinal nerves as being on the posterior 
root only. Monro also described the filaments -between the spinal 
nerves and the intercostal as joining the trunk of the nerve peripherally 


of the ganglion—a statement which Johnstone (1795) interpreted as — 


proof of his theory that the spinal ganglia were on the course of the 
fibres to the great sympathetic. 

In 1781 a step was made by Fontana to.a knowledge of the finer 
structure of nerve and muscle fibres. He described the ultimate element 


of nerves as consisting of cylinders, and he called them primitive nerve - 


cylinders; his figures of the cylinders are at first sight hardly recog- 
nisable, but they show indistinctly what were afterwards called the 
axis cylinder and the medullary sheath. 


Muscle he described as consisting of primitive fleshy fascia (fibres) — 


_ and primitive fleshy threads (fibrillae), the latter being solid cylinders 
much smaller than the nervous cylinders. | 
We have seen that Fontana had supported Haller in his conten- 


tion that the movements of the heart were unaffected by nervous 


impulses from the brain. Fontana (1781) adduced further experiments 
to show that irritation of the brain and spinal marrow had no effect 
on the heart or the blood vessels and that irritation of the cardiac 


nerves had no effect on the heart. The fact that emotions influenced~ 


the heart beat had been a stumbling block in the way of Haller’s 


theory. Fontana urged that the fact did not show that the influence 
was exerted by way of the nerves. His view apparently was that the 


effect was caused by a change in the humours. 

__ In the latter half of the century the remaining main ganglia of the 
cerebral nerves were described. Ridley’s statement (1695) of the 
_ existence of a ganglion at the origin of the fifth nerve—though it had 

been to some extent confirmed by Winslow—was little adopted until 
the account of Hirsch (1765) who named it the ganglion of Gasser, 
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since GaSser had suggested its nature to him. The dates of the 
_ discovery of the other ganglia—which I take from Joh. Miiller and 
other sources—were: otic ganglion—Santorini, 1775; jugular ganglion 
of vagus—Comparetti, 1789, Ehrenritter, 1790; geniculate 
ganglion—Comparetti, 1789, Andersch, 1791; ganglia of glosso- 
pharyngeal—Ehrenritter, 1790. 

Galvani’s observation that contraction was produced in frogs by 
touching them with two different metals which were in contact with 
one another, opened out a new way of stimulating nerves and muscles. 
Commonly rods of two metals, for example silver and zinc, were placed 
on a nerve or tissue, and then the ends of the rods were brought into 
contact. A nerve or tissue treated in this way was said to be ‘armed.’ 
Amongst the early experiments made on these lines were those of 
Fowler in 1793. His object was to determine whether the ‘new 


__. influence’ was confined to nerves of voluntary motion or acted also 


on those of involuntary motion. In a considerable number of cases 
he found that ‘arming’ the par vagum and intercostals about a third 
of an inch from the heart caused the heart to contract, or, if it were 
contracting at the time, caused it to do so more quickly. In order to 
obtain the effect it was necessary that the spontaneous contractions 
should either have ceased or be very slow. It is difficult to be certain 
that the effect was not due to direct stimulation of the heart by escape 
of current. However this may be, Fowler attributed it to nerve 
stimulation, and he concluded that the electric current stimulated the 
nerves of involuntary as well as those of voluntary motion. Confirma- 
tion of this, he thought, was afforded by the contraction of the pupil 
which he obtained by applying one metal inside the nose, and the 
other in the mouth and elsewhere; and by the sense of warmth obtained 
when both metals were applied to the tongue, and which he took to be 
due to an action on the blood vessels. Furthermore he stated that 
in some experiments on young cats and rabbits he obtained quickening 
of the heart beat on destroying the brain at its origin from the spinal 
marrow. Fowler’s results were therefore in contradiction to those 
of Haller, Fontana, Caldani and others. On this point similar 
results to those of Fowler were obtained by Humboldt (1797). Thus 
at the end of the century the view that the heart was to some extent 
normally controlled by the central nervous system was predominant. 
Whilst Fowler considered that it had been definitely established 
that the arteries were contractile, he failed by the new method in 
obtaining decisive effects in the vessels of the web of the frog’s foot. 
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The view that the spinal marrow consisted simply of nerves pro-— 


- ceeding from the brain had by this time been more or less abandoned, 
and Fowler stated that in frogs, metals applied to the brain and spinal 


marrow caused contraction only in those muscles which derived their 


nerves from the part of the cord immediately in contact with the metals, 
so that the effect did not spread down the cord as it did down 
@ nerve. | 

The theory that the brain was the ultimate source of nervous power 


was still held, and perhaps generally held, but it had received a con-— 
siderable shock from further cases recorded a little after the middle 


of the century and at later times, of full term fostuses having apparently 
normal viscera, nerves and muscles, but having no brain. : 


On a general review of the progress of knowledge in the eighteenth 
century, it appears that the most striking feature was the change 


in the point of view. Not only had the old fanciful hypotheses — 
as to the exact seat of the soul, which were dying out at the 


beginning of the century and which I have passed over unnoticed, 
become mere historical lumber by the end of it, but-many of the theories 


which were discussed in the first half of the century disappeared in 
the latter half. The theory that nervous influence was transmitted 
by tense threads soon went. The other theory that nervous influence 


was due to the passage down the nerves of a fluid only less viscous — 
than other fluids, with its attendant hypotheses, that it caused contrac- 


tion by distending muscular fibres, that it constricted blood vessels 
by swelling up the loops surrounding them, or by causing them to 
contract, that it was shut off from the heart during contraction and so 


caused diastole, had also gone. The nature of the nervous influence © 
was acknowledged to be unknown, but it had been suggested that it 


was of the nature of electricity, it was spoken of as nervous power or 

The metaphysical conceptions which dominated physiology early 
in the century had in part been modified in their application to vital 
phenomena, and in part were being put on one side as not within the 
scope of physiology; from which it resulted that reflected actions 
were considered rather as the result of special vital mechanisms than 
as the result of an action on an immaterial principle. 

The belief that the nerves arose solely from the brain, though it 
lingered, had been in general abandoned, and they were considered to 
arise from the medulla oblongata and the medulla spinalis and by 
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some observers from the ganglia. The theory that the brain was the 
ultimate source of nervous power was however widely held. — 

The theory predominant in the beginning of the century that the 
normal movements of the viscera were due to a continued influx of 


~ nervous influence had been given up, and it was generally held that 


they were due to stimuli acting locally upon the nerves. Some 
observers who accepted this view held that the movements were not 
produced directly by the nerves, but by a reflected ‘action through the 
ganglia, and it had been said that the stimuli acted not on the nerves’ 
but on the muscular structures. There was no settled view as to how 
far, if at all, this local action was influenced by the brain. Whilst the 
view that the brain exercised some influence was generally adopted on 
the strength of the long-established fact that emotions caused move- 
ments of the viscera, and of the experiments indicating that the beat 


- of the heart could be quickened by stimulating the medulla oblongata 


and the cardiac nerves, the validity of the argument from the, effect 

of emotions had: been denied, and the experiments contradicted. 
Practically nothing was known of the method by which alteration 

in blood flow or secretion was produced, but it was an established 


secretion. 

‘The intercostal nerve—sometimes but not usually called the great 
sympathetic—was by most observers taken to arise from the spinal 
nerves and by some from both anterior and posterior roots, though 
an origin from the cranial nerves was still supported. This nerve 
~sent fibres to the viscera, the glands and the blood vessels; and the 
viscera received nerves also from the vagus and from the sacral nerves. 
The intercostal also sent fibres to the diaphragm, and by some it was 
held that the movement of the diaphragm in sleep and other similar 
involuntary motions were carried out by way of the intercostal nerve. 

For the most part nerves were supposed to run through the ganglia 
to their terminations, forming in them a special kind of nerve plexus, 
but some believed that a new organisation occurred in the ganglia, 
and that new nerve fibres were sent off from them. Except on ana- 
tomical grounds there was no definite distinction between spinal and 
other ganglia. In order to account for the absence of voluntary control | 
over the viscera, and the absence of feeling in them normally, the 
theory had been put forward that the ganglia prevented nerve influence 
below a certain intensity from passing through the nerves. 

It was fully established that — and irritation of healthy © 
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viscera caused little or no pain but that disease cdused in most if not 


all of them acute pain which was not confined to the organ affected | 
but occurred in other parts of the body. And some way had been 


made in determining the seat of what is now called referred pain in 
diseases of the several viscera. The intercostal nerve was held by 
most observers to be the means by which the sympathies of the body 


were brought about, but it had been argued that all these involved an — 


action of the central nervous system and of that.only. 
Although a beginning had been made in microscopical investigation of 


skeletal muscles, no difference was definitely recognised between these — 


muscles and those of the viscera. A muscle was anything which con- 
tracted. It was recognised that muscle contracted in virtue of its 


inherent properties but it was generally held that this could only be. By 


set in action by its nerves. 

Notwithstanding the very great alteration which occurred in the 
eighteenth century in the way in which the working of the autonomic 
nervous system was regarded, experimental results new in kind were 
scanty. This arose partly from the fact that though nearly all writers 


bowed the knee to the deductive method, many were content with 


making a few experiments. Partly it arose from the imperfection of 
the experimental methods. Most of the experiments had their proto- 
types in the previous century. They were chiefly the application of 
mechanical and chemical stimuli to various parts of the body during 
life and after death. But in virtue of frequent repetition what before 
were simply curious phenomena amongst other curious phenomena 
became groups of facts either definitely accepted or definitely suggesting 
further experiments. Whilst mechanical stimulation of the medulla 


oblongata and spinal cord gave valuable results, the most striking 


new observation was the contraction of the pupil and other effects on 


the eye, following section of the intercostal nerve, and it is remarkable — 


that in the seventy years or so after the publication of Petit’s paper, 
no one seems to have repeated the observation. 
The galvanic method of stimulation was introduced towards the 


end of the century, but it was not at _ time applied 3 in a way that 
gave decisive results. 
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UTERINE CONTRACTIONS AND OVARIAN EXTRACT, 
By D. T. BARRY. 


(From the Physiological Laboratory, University College, Cork.) 


Taw rhythmic contractions of the uterus in the pregnant and non- _ 
pregnant conditions have been studied by many workers, but the 
subject still presents abundant material for research. The more recent 
experiments of importance in this field have been those of Langley 
and Anderson’, whose work deals principally with the nerve supply, 
of Langley* on the action of adrenalin, of Dale* who investigated the 
action of ergot and allied substances, and of Cushny* who examined 
the contractions under many conditions, paying particular attention 
to the action of drugs and artificial stimuli. ? 

The following experiments were performed on the cat well advanced 
in pregnancy. I have observed the movements in three animals. — 
In the first two investigation was mainly on the lines followed by 
previous workers and the results showed nothing new, but some 
observations on tension changes within the footal membranes led to 
@ more careful study of these in the third animal from which the 
records here given were taken. 

Bearing in mind the effects recently ascribed by Ancel and 
Bouin® to the corpus luteum on the mammary gland in the first half 
of pregnancy, I tried the effect of ovarian extract on the uterine con- 
_ tractions both locally and by injection into the venous blood. The 

cat weighed three kilos. The uterus presented four sacs, two to each 
cornu. The average diameter of the sacs was 5:5 cm. and the average 
_ foetal length 4-2cm. The total weight of the uterus with embryos 
was 155 grams and the average weight of each foetus was 5 grams. 
Judging roughly the period of fostal existence had been little more than 
half passed through. The corpora lutea were well developed. 

Method. The animal was given half a grain of morphia hypoder- 
mically and half an hour later ether was administered. Before opening 


1 Journ of Physiol. x1x. p. 122. 1895. 
Ibid. p. 235. 1901. | 

_ Ibid. xxxtv. p. 163. 1906. 
© Ibid. xxxv. p. 1. 1906. 
5 Jour. de Phyciol de Poth. gén, xx. p. 31. 1911. 


° 
¢ 
i f af 
> 
¢ 
; a 
wT 
; 


260 | D. T. BARRY. 


the abdomen the blood-pressure was recorded by a mercury manometer 
and Hiirthle tambour. They were connected by a Y piece with the 
cannula and pressure bottle, the cannula being in the left common 
carotid. The Hiirthle tambour was we to facilitate counting the , 
pulse rate if necessary. 
The mean blood-pressure to begin with was little over 100 mm. Hg. 
as shown by the scale, which applies to the mercury manometer (upper) 
tracing. A few minutes after beginning the blood-pressure rose nearly 
to 150 mm. for no apparent reason. Prior to the rise the breathing , 
was shallow but fairly regular. The pressure soon fell again, remaining 
however at a somewhat higher level than previously, 


Fig. 1. 


The uterine movements were at first recorded by attaching a light 
lever with silk thread to one of the sacs in situ through a comparatively — 
small opening in the abdominal wall (Fig. 2).. In this way tracings 
were obtained without exposing the uterus. The respiratory movements 
were of course reproduced by the uterine lever but the larger waves 
due to uterine muscle changes were distinct. The contractions were 
slight at first, possibly inhibited by the anesthetic, but they became 
_ more extensive after a time. Cushny does not think that anesthesia 
has any marked effect on them; he is inclined to attribute the inhibition 
_ to anemia of the uterus accompanying the fall in blood-pressure conse- 
quent on the anesthetic, though the most pronounced fall in many 
cases has no effect. Wore 
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UTERUS AND OVARY. 261 


comparatively feeble to begin with, and it seems probable that anms- 
thetics have a preliminary inhibitory effect; the subsequent increase 
in rate and amplitude may be in part due to the passing off of this and 
in part to exposure and handling. 

As the breathing of the animal complicated matters the abdominal 
wound in the third experiment was enlarged and two of the sacs pulled: 
out of the abdomen; they were covered with lint which was kept 
constantly wet and uniform in temperature by dropping on it Ringer’s 
fluid at 37°C. The contractions now became very extensive and their 
rate was very slow. 


Fig. 2. 

The strong contractions which set in after the preliminary period 
of depression present a general resemblance to those described by 
Cushny (Fig. 1). A powerful contraction every three or four minutes 
alternates with groups of smaller movements. As stated by Cushny 
the intervals between the larger waves vary considerably under different 
circumstances. Having shown three of these larger waves the drum 
was stopped at the point + while the left ovary was excised. After 
tying off the blood vessels the gland was cut out and pounded in a 
mortar with a few c.c. of Ringer's fluid. One c.c. of this warmed to 
37° C. was injected under the peritoneum covering the sac at 
an inch from the lever attachment, and about one minute later the 
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was moved forwards little by hand and then allowed to revolve (Fig. 1). 
The character of the contractions undergoes a change which I am inclined 
to attribute to the action of the extract. Interference with nerves 
in the manipulation of the ovary might be considered a possible factor 
in the change, but the second ovary was removed in the same way and 
some of the nerves cut without causing any appreciable alteration, 
_ while the injection of the extract to a fresh sac caused a distinct change. 
The sac from which the record was being taken was on the opposite 
(right) side; but this fact, considering Langley’s observation of con- 
traction of one side of the uterus following stimulation of the opposite 
hypogastric nerves, may not have much weight. Cushny says that 
division of the hypogastric nerves causes no tonic change but a quick 
contraction and return to the previous position. 

A control experiment with Ringer’s fluid alone which was injected 
under the peritoneum of another sac gave quite a different result. The 
contractions in this case showed simply an in- ~ 
crease in extent of one or two following the 
mechanical stimulus and a quick return to the 
former type. Cushny observed powerful con- ” 
‘tractions as a result of mechanical and electrical 
stimulation. 

~The change brought about by the ovarian 
extract was an increase of rate with diminution ~ 
of amplitude and a prolonged increase in tone 
of the muscle. Shifting of the sac during the 
manipulation with the needle might seem to 
be an explanation of the difference, but one 
large wave was seen to occur after the needle 
was withdrawn before the drum moved. The 
point of the lever was moved about somewhat 
by the handling of the ovary. Some fifteen 
minutes after the application, the movements 
in this sac became slower and somewhat larger, 
and twenty minutes after an injection of the i 
ovarian extract was made into the jugular vein (Fig. 2). The 
intravenous injection was made at the mark +. It was followed by 
stronger and more rapid contractions, maintained at a higher tone 
_ level for several minutes. At the arrow mark the sac was drained 
slowly through a hollow needle. Reference is made to this later. 

To test the effect of increased pressure within the sac on the 
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UTERUS AND OVARY. 
movements, I injected about 2 0.c. of Ringer’s fluid through a hypodermic 


_ needle into the amniotic cavity. The temperature of the solution was 


about 35°C., the rectal temperature of the cat being 34°C. There 
followed a marked increase of tone, which in a minute or so fell consider- 
ably below the former level (Fig. 3). The needle having been left 
in situ the fluid drained away through it, the tube having been detached 
from itimmediately after injection. A slower injection not immediately 
followed by drainage gave a more pronounced effect (Fig. 4). Injection 
was begun slowly at + and ceased when the lever was seen to rise higher 


- 


Fig.4. - 


than previously. A few powerful contractions soon supervene and 


then a prolonged and considerable increase in tone. Dale inserted a 
balloon into a distended uterine sac in the cat from which a foetus 
had recently been expelled; on increasing the pressure within it the 


tone was much increased. The contractions for some time after the 
Injections (Figs. 3 and 4) are more vigorous than previously, especially 


in the second instance where the tone is kept up. The effect of tapping 
@ sac without preliminary injection when the contractions are vigorous — 


(Fig. 2) is to reduce tone somewhat—the horizontal line shows the 
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varying levels—but the fundamental contractions are not much affected. 
For some time contractions continue at a lower tone level. This too 
recovers quickly ; ; the sac when nearly all fluid was removed showed 
contractions as vigorous and frequent as when full and the tone recovered — 
nearly its previous level. The shrinking of the sac due to outlet of 
fluid and the swelling from injection had only a slight effect on the 
level of the lever. The foetus of course prevents any great degree of 


changes seem to have little. more than temporary 
influence on the uterine contractions. They cause a change in tone 
to begin with, well marked and more prolonged in the case of increase. 
There is some agency controlling tone and contractions independently 
of pressure changes. 

It is generally believed that there is some specific agent stimulating 
uterine activity. Dale got marked uterine contraction from injection 
of pituitary extract in the case of the monkey. If, as is probable from 
the present experiments, the ovary supplies a hormone to the uterus 
in pregnancy the corpus luteum suggests itself as the actual site of 
its formation. But the corpus luteum ceases to develop in the later 
period of pregnancy and so would not be arse to supply the hormone 
when most needed. 

While there is nothing decisive about the results here given they 
point to a specific action of the ovary on uterine muscle. I hope to 
undertake further research at the first opportunity. To sum up the 
present results as far as they have gone, the contractions of the uterine 
muscle of the cat, a little after the first, half of pregnancy, exhibit 
_ distinct increase in frequency resulting from local action of ovarian 
extract. Local application caused increased amplitude as well when 
tried later. Injection into the blood stream caused increase in frequency 
and force of the contractions., In all cases the muscle tone was increased. 

Alterations of pressure within the sac by injection and tapping 
had some effect on the contractions, which, especially in the case of 
increased tension, continued for some time more vigorously than before. 
Diminishing pressure by tapping the sac had only a temporary — 
eet on muscle tone. 


us 
re. 
ts 
J 
2 
; 
4 
fas 
4 
a 
3 
d 
4 
oy 
yal 
ey 
+ 
ip 
> ba 
POR 
a 
bit 
| 
. 


ON ANAPHYLACTIC EFFECTS AS SHOWN IN PER- 
FUSION EXPERIMENTS ON THE EXCISED HEART} 
By A 8. LEYTON, H. G. LEYTON, ann 8. ©. M. 


: (Brom the Department of Pathology, University of Leeds.) 

Iv an animal or man be injected with a small dose of an alien serum, 
e.g. horse serum, and after a due period of incubation, generally not less 
than ten days, a further and larger quantity be given, serious cardiac, 
respiratory or nervous symptoms or even death may result. The first 


a _ dose of serum has therefore made the animal more sensitive to alien. 


serum than it was: hence it is called the sensitising dose and the animal 
is spoken of ‘as sensitised. The process induced being apparently the 
reverse of that occurring in the production of protection (prophylaxis) 
is termed anaphylaxis. In man and in some animals the toxic effects _ 
may not happen until after several large doses have been given. : 
Tt would seem that in different animals different organs are primarily — 
affected. Thus, in guinea-pigs it is stated to be the pulmonary muscular 
tissue, but our clinical experience of the serious untoward effects 
occasionally occurring after repeated doses of antitoxic sera showed 
us(i) that in man the heart was the organ primarily affected and 
Auér’s experimental work (2) suggests that the same organ is mainly 
affected in the rabbit. Therefore it seemed possible that perfusion 
experiments on the rabbit’s excised heart, in which the action of the 
central nervous system was eliminated, might prove useful for further 
elucidation of the phenomena of anaphylaxis and perhaps help to 
provide a suitable treatment for the cases occurring in man(8). 

Perfusion experiments to study the action of horse serum on the 
isolated surviving heart have been carried out by others before us: 
notably by L. Launoy 4) who worked mainly with guinea-pigs, and 
A. Cesaris-Demel(65) who used mainly rabbits. 

The perfusion apparatus used in our experiments was that employed 
and deseribed by Sherrington and Sowton(é) in their experiments 

+ The expenses of this investigation were met by a grant from the Medical Research 
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on the action of chloroform. The animal is killed by a blow on the 
neck. The excised heart is suspended vertically by the aorta which 
is tied, above the openings of the coronary vessels, to a cannula 
through which the perfusing fluid is supplied under an oxygen pressure 
of about 56mm. Hg. A small hook is placed in the wall of the 
right ventricle and is directly attached by a thread to the recording © 
lever without the intervention of a pulley. By the suitable arrange- 
ment of a three-way tube and taps it is easy to change from one per- 
fusing fluid to another. The standard control fluid used was Ringer’s 
solution as modified by Locke. 
| Sensitisation has been induced in the usual mannér by the injection — 
of a single small dose (-005 to -05..c.) of horse serum or of repeated 
larger doses in the case of the rabbit. But we find, contrary to what 
is often stated, that rabbits may be sensitised in the same way as 
guinea-pigs. 

As a result of over forty perfusion ekpieiiuaie on the guinea-pig’s 
heart, we have come to the conclusion that however suitable the 
guinea-pig may be for the demonstration of the gross effect of ana- 
phylactic shock, its heart is not adapted for that purpose, for the 
following reasons: (1) Normal guinea-pigs’ hearts often show marked 
- depression or alteration in the beat, or even stop beating within 15 
_ minutes of being put up. (2) In a series of hearts of normal guinea- 
pigs, very varying results occur with the same experimental conditions 
(e.g. the same perfusion fluid). (3) Four-fifths of the number of hearts 
tested were killed with 20°/, normal horse serum at once and some 
even with 10°, normal horse serum. 

Below are shown the results of a number of iiodans on the 
_ hearts of guinea-pigs perfused with various dilutions of (a) their own 
serum, (b) normal horse serum, (c) anaphylactic serum and sensitised 
serum combined with normal horse serum. 
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Time of perfusion, two minutes. 
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Tan 11. Hearts of normal guinea-pigs perfused with normal horse serum. 
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‘Taste V, Hearts of normal guinea-pigs perfused with normal horse serum (N.H.8.) and 
sensitised guinea-pigs’ serum (S.G.P.S.). 


Time of perfusion, two minutes. 
Effect 


Time of perfusion, two minutes 


Exp. Effect 

1 irregularity; excite- 
ment; depression; some recovery 

2 ion and slowing 

3 Stimulation only 

4 —— second time, stimu- 

5 Slight depression only — 


Tame VIL. Heart of guinea-pig sensitised to normal horse serum perfused with 
“anaphylactic” guinea-pigs’ or 


: Time in’ 
Exp. minutes 
I Continued 


From these experiments sppeam-thab the perfused. hearts of 
normal guinea-pigs (Fig. 1) are as much affected by normal horse serum 


alone as sensitised guinea-pigs’ hearts (Fig. 2). “They are, as compared 
with rabbite’ hearts, very susceptible to the action mt normal horse 
serum. 


» 
a 
> 
er 
> 
: 
. 
‘4 
‘ 
ty 
4 
A 
ata 
« 
Fy 
‘ta 
a 
ue 
~ EY, 
4 
: 
ry. 
3 + 
§ 4 
q 
~ 
& 
> 


HRART ANAPHYLAXIS. 


The experiments on. excised rabbits’ hearts fall into, several groups. 
’ It was necessary first to determine the reaction of the normal heart to 


_ (a) its own or other normal rabbit serum, 
2 normal horse-serum in varying percentages. 


~ 


Fig. 2. Action of normal horse serum on a sensitised guinea-pig heart. 
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These 20 experiments show that the reaction of the normal rabbit’s 
heart to its own or other normal rabbit serum is generally one of stimu- 
lation, varying in degree according to the concentration of the serum ~ 


up to 20°, (beyond which we have not tested). (Fig. 3.) 
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Fig. 3. Action of normal rabbit serum on normal rabbit heart, 


showing marked stimulation. 


IX. The effect of normal horse serum on the normal rabbis heart, 
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16 ‘Slight stimulation only 
36 17 4 Continued stimulation . 
Increased size of beat with loss of tone 
38: ‘Continued excitation with stimulation 
17. 5 . ; asphygmia 
41 Continued depypsion 


The 41 experiments detailed above show that in the’ majority. of 
cases the reaction of the normal rabbit's heart to normal horse serum 
is one of stimulation (Fig. 4), although a certain number (8) show 
some degree of depression (Fig. 5). 


Fig. 4. Action of normal horse serum (above 10°/,) on normal 
rabbit heart, showing stimulation. - 


Fig. 5. Action of normal horse serum (10*/, and under) on normal 
rabbit heart, showing slight depression. 
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With three ‘exceptions the cases of depression and slowing have 
occurred with relatively high dilutions of serum (viz. 10°/, or less) 
but this result is not anomalous for it is often found that high dilutions 
cause the opposite effect to low dilutions of the same substance. The 
three cases of normal hearts in which death or complete stoppage of 
the heart resulted from perfusion with 17%, normal horse serum, 
occurred with the hearts of three older rabbits which had been used 
for breeding and were still lactating. Their hearts were large and 


flabby and two of them had to be massaged before they would begin 
to beat at all. That these particular exceptional results were due to 


the condition of the hearts and not to any special toxic action of the 
horse serum was shown by testing them to their own serum which 


also produced the same complete asphygmia. After recovery with 


Ringer Locke solution, a second perfusion with 17°, horse serum 
produced the same result as the first. This similarity of reaction of 
excised hearts to horse serum and to rabbits’ serum has been seen 
repeatedly during the course of our experiments. An instance of this, 
showing also the action of the combined serum, is given in Fig. 8a, 4 
ond 


la F.HS. Slight excitation followed by d 
b N.H.S. 140 Marked excitation followed by opression— 
Ref. Digh. ternans 
Tem 
Ref. Diph. Temporary depression; improvemen 
FHS. then puleus alternans and — q 
depression 
NAS. Excitation onl 
Bef. Diph. 8. Nil 
ce Nil 
e A.V.S. 
4a 
b 140 Sight depression 
emporary excitation; then 
d Ref. 8. Depression; recovery depremsion 
e N.HS. 1394 Depression; recovery 2 
Sa. Depression; recovery; but final depression 
F.H.S,=fresh horse serum (from kneoker). 


Ref Diph, <reined (Lister Instivate) with betch umber. 
A.V.8.=anti-venom serum (Pasteur Institute, Lille). 
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The investigation of the effect. of normal horse serum on the normal 
heart would be incomplete without trial of whether different samples 
of horse serum produced different effects on the same heart. To 
obviate, so far as possible, the effect of length of time of perfusion and 
of previous treatment with other sera, the order in which the sera were 
used was varied in each case. The table shows the results, but it may 
be specially pointed out that a refined anti-diphtheritic serum (Lister 
Institute) may cause depression when ordinary horse serum pro- 
duces excitation. The length of time of keeping the serum appears 
to be a factor, which we have still under investigation. - 


Tamm XI. Rifect of normal horee serum and normal rabbit serum in combination on th 


_N.H.8.=normal horse seram, N.R.8.=normal rabbit serum. 
10 
7 Stimulation 
2 10 N.HLS. 
2 Slight stimulation 
ee 10 N.H.S. 7 Stimulation; then gradual return to 
6-5 N.R.S. 
or 10 N-HS. | 10 Slight depression; continued 
} 2 Stimulation only 
6 10 NBS. 
| ONES | __ Stightotimulation; then slight depreasion 
7 10 | 
10 NBS. 
| stimulation; then slight depression 
9 JONES | Stimulation only 
10 SN.HS.)} 4 _ Stimulation with some irregularity of 
n 10 N.HLS.. 
THRE} Simulation; gradual 


The effect of this combination, as shown in the table above, is one 
of stimulation only (Fig. 6). | 
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Fig. 6. Aotion of normal rabbit scrum combined with normal hors serum on normal 
rabbit heart, showing stimulation only. 


. Taste XIL The effec of anaphylactic serum on the hearts of normal rab. 
Time in 


1 5 2 Slight stimulation ; slight depression 
2 5 2 Stimulation only 
3 5 7 Stimulation only’ 
4 10 2 Excitation; then slowing 
5 10 2 Excitation only 
6 10 2 Excitation only 
10 2 Nil 
8. 10 2 Transitory excitation 
9 10 2 Slight stimulation 
10 12 5 Excitation; then continued stimulation 
11 12 vag Excitation; then continued stimulation 
12 12 6 Excitation; then stimulation 
17 4 Temporary depression ; then marked stimu- 


lation continued 4 mins. 

Iti is seen from Table XII that the hearts of normal rabbits eptuned 
with anaphylactic serum are not affected in any way differently from 
those perfused with normal rabbit serum and normal horse serum. 
They show degrees of stimulation varying with the degree of con- 
centration of the serum. Under certain experimental conditions, - 
not yet precisely defined and still under investigation, anaphylactic a 
serum may, however, produce immediate anaphylactic effects. — ¥ 


2 Stimulation only 
2 3 2 Excitation; then stimulation; slight pulsus 
OTS. alternans (4 sensitising doses of serum) 
Stimulation (3 sensitising doses) 
5 9 Stimulation recovery 


‘ 
4 
* 
— 
By 
a Exp. Percentage minutes 
& 
3 
4 
4 
‘ 
“a 
BY 
p. ercen ju ect 
hay 
ae 
F pe 


oe 4 oF 


ANAPHYLAXIS, 


Taste continued 


Time in 


| Effect 
Slight temporary depression; then combined _ 


stimulation { (6 sensitising doses) 
Continued slight stimulation only (3 sensi- 


In the higher dilutions (up to 10°/,) the effect is similar. to that on 


the normal rabbit heart. 


In the lower dilutions, the numbers are 


insufficient for comparison. The effect was slightly depressant. 


EFFect OF VARIOUS SERA ON THE HEARTS oF SENsITISED Rassirs. 


By ‘‘sensitised” rabbits here are meant those which have received 
one dose only of normal horse serum, and the term “sensitised” serum — 
here applies to the serum of rabbits so sensitised. 

The experiments have been carried out in similar fashion to those — 
on the normal hearts and fall into similar groups, showing the effect of 

(a) normal horse serum on the sensitised rabbit heart, 
(6) normal horse serum + normal rabbit serum on ditto, 
_(c) normal horse serum + sensitised rabbit serum on ditto. 


XIV. The cfc of perfusing the hearts of rabbi 
with normal horse serum. 


Time in 


n only 
ave otherwise 


ternans at once; final esphygmia 


Stimulation only 
Continued stimulation 


ula 
Stimulation (after sensitised serum) 
Stimulation 
Increase of tone, otherwise nil 


(4 sensitising doses) 
ts 
r 
| 
Exp. Percentage minutes Effect 5 
I 2 2 Stimulation ; 4 
3 2 timulation and excitation 5 
-10 2 Nil with 
3 1 an iQ 
4 5-20 5 Some alternans, otherwise stimula-_ a 
(4 5-20 5 stimulation 4 
6 10 5 q 
7 10 5 
8 10 2 
9 ‘10 2 Some slowing 
10 17 24 Stimulation 
ll 17 4 Continued stimulation a 
12 17 5 4 
» 
13 20 5 
15 20 5 Slight. stimulation 3 
16 20 5 Some ion ; 
18 
20 
19 20 3 3 
20.3, 20 3 4 
~ 
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Twenty hearts have been tested. Of these, twelve showed stimu- 
lation (two with some excitation).- On two hearts the effect was nil. 
In four there was some depression or slowing (with excitation). One ; 
heart was markedly depressed after being perfused for three minutes 
with 10°, serum and did not subsequently recover with Ringer Locke 
solution. The only point of difference between normal and sensitised 
hearts when perfused with normal horse serum in dilutions varying 
~ from 2% to 20%, seems to be that the sensitised heart is not so liable 
to be depressed with the higher dilutions. More experiments would 
be necessary to settle this rather minor point. The general effect 
‘obviously is stimulation, the same as in the case of normal hearts (Fig. 7). 


__ Fig. 7. Action of normal horse serum on # sensitised rabbit heart, 
| showing stimulation. 


XV. ‘The action of normal rabbit serum (7 4) with normal horse cerwm (10 


Time in 
7 
5 slowing; pulsus alternans; re- 
5 Excitement stimulation 
4 Stimulation only | 
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The effect of the combination of normal boone serum and normal 
rabbit serum on the sensitised rabbit 
the heart of ‘the normal rabbit. 


Aerie scrum: and sensitised rabbit scrum. | 


a 5 10 Stimulation, then marked depression 
10 ulation only 
6 ee 2 to end 
6 B.. 6 Stimulation only 
10 16 10 slo and irregularity 
A 36 20 Stimulation, then depression, pulsus alter- 
pression and slowing (no recovery) 
Ww 17 then marked de- 
slowing 
20 18 Depression and" asph: 
21. 20 followed by marked depression _ 
wing 
22 20 10 Marked depression and slowing " 
23 Marked depression 4 


_ This table shows that the results obtained by perfusing 23 hearts 
of sensitised rabbits with a combination of normal horse serum and 
sensitised rabbit serum are very different from those obtained aoe 
thé combinations previously described. 

-All the hearts but four, which showed some etimailadieia: were 
markedly depressed by the mixture. In some cases the depression 
was accompanied by slowing and irregularity, in others by — 
beats, and in six instances the heart-beat was entirely stopped. — 

The curves illustrate the effects of sensitised rabbit serum and norm: 
horse serum, both singly and combined, on the same sensitised rab 
heart (Fig. 8a, and c). 
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Horse serum alone and rabbit serum alone cause bees nena stim : j 
lation. 
Combination of the two sera causes marked depression and sowing q 
or stimulation, depression, slowing and pulsus alternans (Hig. 
1-5 15 ‘Stimulation only 
3 26 Stimulation, then slowing 
4 2-5 2-5 2 ‘Stimulation, then depression to a” i 
5 5 5 3 ten depron sowing 
5 10 Excitation, then depression, slowing 
5 4 Stimulation, then depression, slowing 
10 10 10 ‘lk Stimulation, then slowing and 
10 | Temporary then de- 
pression 
Tem depression, tem stimu- 
10 12 depression while serum was on 
6-5. Stimulation, then slowing, d 
| 10 6 8 irregularit s reco 
10 6 20 stimulation; slowing, depres- 
: with -L. solution) 
10 7 9 To alternans, 
19 10 7 9 Depron ‘pulsus alternazs, slowing aod 
stim 
sion; no recovery 
10 6 st Depression, stimulation, then continued 


R.-L. solution) 


In order to determine whether the combination of normal a 
serum with sensitised rabbit serum was intrinsically toxic or whether — 
the sensitised heart muscle was an essential factor in the anaphylactic — 4 
reaction, perfusion experiments were ei ~— the combined sera on 
normal rabbit hearts. 

The 22 experiments detailed above bi that whereas stimulation 
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‘ ~=—Ss aay bee the only effect of perfusion with the combined sera in high 
dilution (5°, and under), in low dilution (5%, to 20°%,) the effect is - 
consistently depression, slowing often with irregularity, and alternating 
beats, to as great a degree as in the case of sensitised hearts. Thus 

_ only two hearts show stimulation alone, having been perfused with 
15% each of normal horse serum and sensitised rabbit serum (‘.c. 
3°, serum altogether). The other 20 hearts all showed depression and 
Ae slowing of the beat mostly well marked and in six cases the heart was 
‘Te The curve shows (Fig. 10) pulsus alternans, depression, slowing 
Ae and asphygmia. 


Fig. 10. Action of sensitised rabbit serum combined with On | 
Taste XVIII. Contrasted normal and sensitised rabbits’ hearts 
Time in 
| 1 Stimulation only 20 4 Stimulation only 
2 ‘Temporary stimulation; 10 N.HS. 
slowing, altered rhythm, 10 8.R.8. 32 Temporary stimulation 
5 depression only; marked slowing 
3 Temporary stimulation; 10N.HS.) 10 Tem stimulation, 
slowing, on, thn depres 
4 stimulation; 10N.HS.) 12 
slowing, 6 S.B.8. then slowing, depres- 
nans, asphygmia Re sion, pulsus alternans 
5 Marked slo irregular 10 N.HLS, irregular beat, 
beat, 6mins. 6 8.B.8. } 
Temporary stimulation; 10 N.H.S. 10 porary stimulation, 
8.R.8. then 
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0 N.H.S. | stimulation, 
stimulation; 10. ‘Temporary 
alternans, ral 7 8.R8. then pulsus alternans 
ued depression, and and depression; no re- 
gs no recovery covery 

8 — No tem stimula- 
tion ; ;slow- 

} ing, alternans ; 

asphygmia in .5 thins. 

9 _— 10 N.H.S. 9 Tem depression ; 

SRB: temporary stimulation, 

(no 
‘Temporary stimulation; 10 N.H.S. Temporary depression ; 
slowing, depression and 4 stimulation, 


The: results given bie show that even the degree of toxicity was 

the'same for both normal and sensitised hearts. When the sensitised 
~ heart was: put entirely out of action, the same thing happened with the 
heart. 
The tracings (Fig. 11 a and 6) show this very similar action on both 
types of heart. In one striking case in which a temporary excitation 
occurred inthe beat of the sensitised heart after the serum had been 
- running @ short’ time it recurred when a normal heart was perfused 
with the same serum mixture. 

From the experiments related above it would seem that whereas 
normal horse serum alone is not toxic for either the sensitised or the 
normal rabbit heart, in combination with sensitised rabbit serum it 
is decidedly toxic for both. Some reaction between the two sera appears 
to be necessary for the production of the toxin. Further, since both 
normal and sensitised hearts are equally affected, the experiménts show, 
so far as the rabbit heart is concerned, that the toxin is contained in 
the combined sera and is not the result of a combination between the 
heart tissue. 
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SuMMARY. 


ae * » perfusion experiments the effect of normal horse serum on. the 
_normal guinea-pig heart in strengths of 10 %/,-20°%, is markedly depres- 
sant; so much so as to prevent any deductions being drawn from 
experiments done with sensitised guinea-pig hearts, or with mixtures 
of sensitised sera with normal horse serum. 
-. 2. The effect of normal horse serum on the normal rabbit Neat i 
is (a) in strengths of 10°%/, and under, slight depression ; (6) in — 
of 10 °/,-20°,, marked stimulation. 
_ $. The efféct of normal rabbit serum on the normal rabbit bear’. 
is marked stimulation. 
4, The effect of normal rabbit serum combined with normal horse — 
serum on the normal rabbit heart is consistently that of stimulation. — 
6. ‘The effect of normal rabbit serum combined with normal horse 
serum on the sensitised rabbit heart is also consistently one of — 
| stimulation. 
a The effect of anaphylactic serum, i.e. the serum of sensitised 
_ rabbits which have been given the toxic dose of horse serum and have > 
shown symptoms of anaphylaxis, both on sensitised and on normal | 
rabbits’ hearts is not consistently depressant or toxic. 
7. The effect of sensitised rabbit serum combined with eid 
horse serum both on the normal and on the sensitised rabbit heart 
is marked depression often resulting in complete disorganisation of 
_ the beat, which may not be restored by subsequent perfusion with 
Ringer Locke solution. _ 
An account of various other points still under investigation and 
_ @ discussion of the bearing of the above and other results on the =e 
are reserved for a later contribution. 


Lp. 227. 1916. 
Auer, J. Journ. of Exp. Med. xtv. p. 476.1911. 
Leyton, A, 8. and H.G. Lancet, 1, p. 1171. 1916. 

Launoy, L, Compt. Rend. 72. pp. 315, 403 and 815. 1912. . 
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VARIATIONS. IN THE BLOOD SUGAR IN HEALTH. 


(From the ond. Chemical 
‘St Bartholomew's Hospital.) 


in man has been frequently investigated but the results obtained have 
not been in agreement as to its effect. 

Baudouin@) examined six men and found that a rise occurred 
one hour after a dose of sugar of 100 gms., but the greatest increase 
which he found was -03 gm., ¢.e. -12 to-15gm. p.c. Frank«) confirmed 


_ these results in eight cases but found that the rise was rather greater, 


and three of his cases passed a little sugar after a dose of 100 gms. of 
sugar. Reicher and Stern(s) found that the blood sugar might rise 
from +12 to +20. gm. p.c. The increase was all over in two hours as a 
rule, but sometimes lasted three to four hours. Bang(4) reviewed the 
literature and concluded that 100 gms. of sugar caused an insignificant 
rise in man, and that even 200 gms. might cause only a slight rise even 


_ though sugar might be excreted. 


Bing and B. Jakobsen(5) examined ten cases and found that the 
average rise after one hour was 36 p.c. and after.two hours only 11 p.c., 


and they concluded that a rise of 50 p.c. at the end of the first hour 


must be considered as pathological. They also drew attention to the 


- fact that the level of the sugar in the blood falls rapidly, and that results 


obtained two hours after a meal are of little value. A. Th. B. Jacob- 
sen(6), working slightly earlier than Bing and B. Jakobsen, pointed 
out that the rise in the blood sugar occurred much earlier than one 
hour and might be present within five minutes of a carbohydrate meal. 
The blood sugar usually reached its maximum 15-30 minutes after 
the meal and in seven cases was back at its original level 60 minutes 
after the meal. . In seven other cases the fasting value was not reached 
until 24-3 hours after the meal. In seven cases sugar was excreted, 


but the Je amount excreted was only 1-38 gms. Bergmark(’), 
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working on himself and on babies, obtained very similar results to those 
of Jacobsen. 

These results show that the blood sugar is by no means constant 
after a meal but that the rise is an exceedingly rapid and transient 
phenomenon. The question whether the response of the individual 
in apparent health always remains the same under different conditions 


does not seem to have been considered so far. The experiments — 
described in this paper deal with the observations made on =n 


throughout the past year. 
Methods. The estimation of the blood sugar was made by 


Bang’s(8) method but certain slight modifications were introduced. 
Gardiner and Maclean’s(9) plan of drying the blotting paper con- 
taining the blood in a hot air oven was adopted and a clear solution was 
always obtained on extraction. Bang advised that air should be 
admitted to the cooled flask.and that the titration should be carried 
out under a current of carbon dioxide to prevent any reoxidation of 
the reduced copper. A slight modification which was suggested by 
Dr Hurtley, to whom I wish to express my thanks for his kind and 
valuable help, avoids the inconvenience of titrating under a current 
of carbon dioxide. The small boiling flask was fitted with a wide 
rubber tube into which was. inserted a wide glass tube drawn out’ to a 
narrow tube. A soft rubber tube was fitted to the narrow glass tube 
and this was clamped with a spring clip immediately the flask was 
taken away from the burner. After the flask had been cooled, the 
narrow rubber tube was attached to a wash bottle leading to a carbon 
dioxide kipp and the vacuum in the flask was filled with carbon dioxide. 
The nozzle of the burette was lengthened so that it nearly reached 
the surface of the fluid. The titration is thus made in an atmosphere. 
of carbon dioxide and as it only takes about 60 seconds to reach a 
constant end point, the necessity of using a stream of CO, is dispensed 
with. 

within -01 of each other, ¢.g. 

| “130 gm. per cha. 

The mean error in this case is at most 3 p.c. 


However, when the blood sugar is rising rapidly, the cies do 


_ not always agree so well together and the three results may lie within 
“19, Under these conditions the third 
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estimation is usually higher than the first one and it is possible that 
a mixing of the sugar-rich blood. with the relatively sugar-poor lymph 
may occur in the process of getting the blood from the finger for the 
first estimation. After the congestion produced i in collecting the blood 


for the first two samples, a thorough mixing may well have occurred 


and this explanation would account for the fact that the third estimation 
is usually higher than the other two. The difficulty only occurred 
occasionally and can be overcome by having a free flow of blood from 
the finger. In all other respects the method is most suitable for 
making repeated observations after a meal as go little blood is required. 


The blood of G. G. has been examined at intervals for over one — 


year and it has been found to vary slightly at times. In November, 
1914, and January, 1915, the blood sugar was -105 and -100 gm. p.c. 
while in February it was -110 gm. p.c. In March it had risen to -12 


and in April it was -13gm. p.c. All these estimations were made 


between two and three hours after a light lunch, but on April 13 the 
blood was taken about one hour after lunch and the figure of -185 was 
obtained. On the next two days the blood sugar about one hour 
after the meal was ‘20 and *195 although no sugar was detected in the 
urine. These figures suggested that the body might be very sensitive 
to sugar at that time and a series of carbohydrate tests has been carried - 
out at irregular intervals since that date. 
All the following experiments were started about 8 a.m., after — 
complete abstinence from food for eight or more hours. : 
Exp. I. sath Fig. 1. The ordinary breakfast was eaten in this case, 9 
About 60 gms. porridge 


Sugar content about 60 gms, 

The fasting value for the blood sugar was sce einen 
was begun it had risen to -18 gm. p.c. A gradual fall occurred and 2} hours after the 
meal the blood sugar had fallen to -12 gm. p.c.. It remained between -11 and -12 gm. p.c. 
for 14 hours, but showed an immediate rise to - Ce ee 
60 gms. of bread and an egg. : 

Exp. II. April 24. Fig. 2. 

The fasting value for the sugar was -13 gm, p.c. and 10 minutes after the meal it had 
risen to -16 gm. p.c., and in 20 minutes it had reached its highest level at -22 gm. p.c. 

At 30 and 60 minutes after the meal the blood sugar was still over -20, but after 
1} hours it had fallen to -13. It rose to ‘16 after 2 hours but fell to - ‘11 after 3 hours, 
and to -09 or well-below the fasting value after 4 hours. | 


_» These two experiments show the extremely rapid rise. which takes 
place in the blood after a meal, and are similar to the results obtained 
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by A. Th. B. Jacobsen... The figures obtained resemble those of 
some of his cases in that the blood sugar did not touch the original 
level until 2} to 3 hours respectively after the dose of sugar, but in 


2 hrs 


Exp 1 Maximum rise -05 pc. Duration 24 Ire. 


Exp 3 


the case of G. G. no sugar was excreted. The height of the blood sugar 
was still -045 and -07 gm. respectively above the original level ‘after 
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one hour, The last figure would be considered pathological by Bing 
‘and Jakobsen, although no sugar was excreted in the urine. 

Exps. I and Il were made at a time when a great deal of extra 
laboratory work was being carried out in addition to the usual clinical 
work and G@. G. felt in need of a holiday, although otherwise in good 
health. It was suggested by A. E. Garrod that this sensitiveness 


was probably due largely to fatigue. 
Til. May 15. Fig. 1 lower curve. 
Milk 150 ¢.c. 


Bismuth oxychloride 31 
This experiment was made three weeks after Exp. II, and a holiday of 17 days had 


_ intervened. The rate at which the food left the stomach was observed by means of the 


X-rays and it was found that the food entered the duodenum between 12 and 15 minutes 
after the meal. The fasting value for the blood sugar had fallen to -095 gm. p.c. and 
after 15 and 30 minutes no rise had taken place. After 60 minutes it rose slightly to 
“Il, and did not reach -09 gm. p.c. until two hours after the meal. 


The points of difference between Exps. I and III are very siaked,; 
as the fasting value was -095 as compared with - ‘13 and the actual 
rise was very small, ‘02 as compared with -05. 

In June the blood sugar was estimated before and after an ordinary 
meal at tea time but no difference was observed after 30 minutes. 
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Exp. IV. Fig. 3. Meal=100 gms. of glucose. 

The fasting value was +12 and 30 minutes later the sugar had risen to ‘15 and was 
still at that level 60 minutes after the meal. No estimation was made after 1} hours, 
but after two hours the sugar was again at -12. 


Exp. V. Sept. 18. Fig. 3 dotted line. Meal==100 gms. of sugar. 

the blood sugar had reached ‘185 gm. p.c. and it was still at that level one hour after 
the meal. The sugar fell to -15 after 90 minutes, but was still at -145 two hours after the 
meal. It fell to -08 after three hours but had risen to -11 after five hours and rose to ‘13 
after a light lunch. 


The general health of @.G. at this time was perfectly good, but 


a great deal of additional work was being undertaken. The blood 
sugar picture resembled that shown in was when the conditions as 
to fatigue were very similar. 

Exp. VI. Oct. 30. Fig. 4. Sugar 100 gms. 

This experiment was unfortunately delayed and could not be carried out until four 
_ weeks after the holiday, which was taken immediately after the last experiment. 

The fasting value was -09, but no rise had taken place 10 minutes later. After 
20 minutes the sugar had gone up to -145 gm. p.c. and after 60 minutes it was still at 135. 


After 14 hours it had fallen to -10. ; 


This blood picture is, therefore, very different from that obtained in Exp. V 
immediately before holiday, although it is slightly higher than that given in July. _ 
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Exp. VII. Deo. 18. Fig. 4 dotted line. Meal=glucose, 100 gms. 

to ‘16 and it was still at this level after 20 and 30 minutes. After 60 minutes it had 
fallen to -12 but after 90 minutes it was again at “14 and was still at this level two hours 
after the meal. 

: The hemoglobin content of the blood was estimated by T. H. G. Shore at 10, 20, 
30 and 60 minutes after the meal and the values obtained were 102, 102, 104 and 103 p.c. 
These variations are within the experimental limits for the Haldane hemoglobinometer, 
and the figures show that if any dilution of the blood occurred as a result of the rise in 


‘the blood sugar, it must have been very small in amount. 


For comparison with these figures, the blood of three healthy 


individuals, doctors and medical students, has been examined after 
meal of 100 gms. to thank for: thats 


kindness in submitting themselves. 


The fasting value varied between -09 and -105 and the rise was apparent in 10 minutes | 
in two cases and always after 20 minutes. After one hour the sugar was back at its 
original level in one case, in one case it had fallen below the fasting level and in the third 
case was still slightly above it. No sugar was excreted in two cases but one case was 
not tested. The greatest rise observed was -09 to -18 and the smallest was -095 to -14. 


_ A comparison of these figures with those of G. G. shows that G. G. 
is perhaps always slightly abnormal, as the blood sugar even when 
he is not fatigued does not reach its fasting value until 14 hours after 
the meal, although the rise that takes place is no greater than occurs 
in the control persons. However, it is clear that when fatigued, although 
apparently quite well, his blood sugar rises to a greater height and does 
not reach the fasting value until 24 to 3 hours after the meal. : 
The relation between nervous strain and glycosuria is well recognised 
in medicine, and A. E. Garrod told me that he had no doubt of its 
importance. Von Noorden(i0) records the case of a man who was 
at the time excreting no sugar on a weighed diet, but after the receipt 


of bad family news, passed 14 gms. of sugar in the 24 hours but none 


on the next day although precisely the same amounts of food were 
eaten. Although it is not suggested that nervous strain or fatigue 


is @ cause of diabetes, it may well be that they are contributing causes 


_Drsovsston. 


These ‘experiments the work of 
A. Th. B, Jacobsen and others and show that a rise in the blood 
sugar occurs after a carbohydrate meal, but that the height to which © 
the level of the blood sugar rises varies with the general condition of 


Ry 
; 
on 
va 
af 
2 
VA 
4 
| 
4 
¢ 
wad 
4 
wy 
oS 
= 
= 


the individual and the rise which occurs during fatigue may be patho- 
logical. However as a rise seems to occur in most healthy adults it 
is of interest to consider what is the fate of the ‘ extra” sugar which 
appears in the blood. The total sugar circulating in the blood is com- 
paratively small. Thus in the case of G. G. (Exp. VI), whose weight 
was about 60 kilos., the volume of the blood was about 3000 gms. and 
the total sugar circulating was about 2-7 gms. The extra sugar circu- 
lating in the blood after 20 minutes, assuming that the volume of the 
blood had not altered, was 1-65 gms.; after 60 minutes 1-35 gms. ; 
after 90 minutes 0-3gm. The rapidity with which the absorption 
of the sugar from the intestines and the rapidity with which the level © 
of the blood sugar rises are rather startling and the short duration of 
the rise in healthy adults is equally astonishing. One of the functions 
hitherto ascribed to the liver was to prevent any sugar from entering 
the general circulation after a carbohydrate meal. According to this 
hypothesis the rise in the blood sugar which takes place would be due 
to the failure of the liver to take up all the sugar from the portal vein 
when it arrives with a sudden rush after a heavy carbohydrate meal. 
On this hypothesis the liver in the case of G. G. (Exps. I, II and VI) 
was not capable of doing its work so well as it usually does. : 

However, when it is considered that this rise in the blood sugar 
takes place two to three times a day in healthy people it seems most 
unlikely that the liver should be caught napping each time and allow — 
some sugar to escape into the general circulation. Hence it seems 
probable that the “extra” sugar is either going to be used at once or 
is on its way to another storehouse. Some sugar is certainly used at 
once as the B.Q. rises very soon after a meal, but by far the greater 
part of it must either be stored in the muscles, liver, etc., or be laid 
down as fat. 

Bang(!) has made some very interesting experiments which bear 
_ on this point. He gave sugar to rabbits by mouth and intravenously. 


_ _ At the end of half to two hours he killed the animals and estimated — 


the amount of sugar and glycogen which he could recover. Thus in 
two experiments 10 gms. were given by mouth to rabbits which had 
fasted for six and five days respectively. The total sugar recovered — 
from the stomach was 5-68 and 6-0 gms. and the sugar absorbed was 
therefore 4-32 and 4-0 gms. The liver contained -104 and -080 gm. 
of free sugar while th 4 i glycogen which was not necessarily of new 
formation was -686 and -109 gm. oe 


lymph only amounted to ‘200 and -060 gm. 
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Therefore in Exp. I of 4-32 gms. which were absorbed only 0-99 gm. 
or 22-9 p.c. could be recovered from the liver, blood and lymph. In 
Exp. Il 4 gms. were absorbed and -249 gm. or 6-2 p.c. were recovered. 
In Exp. III the rabbit was killed after two hours and in this case the 
total sugar absorbed was 6-604 gms. The liver contained -28 gm. of 
sugar and 1-5.gms. of glycogen and the total sugar in the blood and 
lymph was about -12gm. The total sugar recovered was therefore 
1-9 gms. or 28°7 p.c. of the absorbed sugar. No sugar could be found 
in the cecum and it is very unlikely that fermentation in the intestine 
could account for the disappearance of the sugar. In these experiments 


_ the muscles were not examined but in Exp. II the wall of the small 


intestine contained -24 gm. of sugar. In Exp. III the walls of the | 


_ intestines and cecum contained -35 gm. These results slightly increase ~ 


the total amount of sugar found and suggest that the muscles seared 
contain a good deal of glycogen. | 

Similarly, in the case of intravenous injections Bang(2) found 
that the amount of sugar present in the liver immediately after the 
injection was very small and varied from 8-12 p.c. of the injected 
sugar. In these experiments the other known glycogen storehouses 
of the body were examined. The muscles contained about 8 p.c. of 
the injected sugar, the blood and lymph 7-56-11 p.c. The skin and 
bones were also estimated and, counting everything, only 48-75-5 p.c. 
of the injected sugar could be accounted for. In the experiment 
in which 75 p.c. was recovered 30 p.c. of this sugar was still in the 
blood stream. These experiments suggested that, contrary to the 
usual ideas, the liver was not the place where the sugar was stored 
after a meal. In support of this hypothesis Bang brought forward 
some old experiments of Kiilz(3). Kiilz made his experiments on 
rabbits which had fasted for six hours before being given a dose of 
21 gms. of sugar. In his experiments the amount of glycogen in the 
liver four hours after the meal was quite. small but the glycogen began 
to accumulate in the liver after ten hours. Itreached a maximum about 
16 hours after the meal and was nearly all gone again after the 24th 


hour. As Bang was unable to-trace more than 48-75 p.c. of the 
injected sugar he speaks of “unknown depéts” although heis unable - 


to suggest where the depéts may be. He also suggested that the 


presence of a glycosuria might depend either on a failure of the 


unknown depéts or of the liver. On this hypothesis the sugar which 
is taken into the stomach passes to the liver via the portal vein 
but the bulk of the sugar is not caught in the liver at all but passes 
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into the general circulation. This usually causes some rise in the 
level of the blood sugar but the sugar is so rapidly taken up by the 
muscles and “unknown” storehouses that the rise in the blood sugar 
_ is only of a very transient nature. On this hypothesis the rise in the 
blood sugar which occurs in normal people is due to the inability of 


_ the storehouses to take up all the sugar at once, but in healthy people 


the level of the blood sugar does not rise above the “least-point” of 
the particular individual. On this hypothesis, the variation in the 


level of the blood sugar which took place in G. G. during fatigue must — 


_ be ascribed, not to a deficiency of the liver to act as an efficient defender 
_ preventing any rise in the blood sugar, but rather to a diminution in 


_ the power of the muscles and other depéts to take up the sugar as quickly 
as usual. Consequently there is more sugar circulating in the blood — 


than usual and the.time taken by the tissues to take up the sugar is 
longer than usual, This condition is very suggestive of the early stages 
of the alimentary glycosuria which occurs in elderly people. In these 
patients sugar is passed very soon after a carbohydrate meal and is 
accompanied by a marked rise in the blood sugar. It seems probable 
therefore that this form of 
part of the tissues as it takes place so soon after meals. 

It is difficult. to understand where the sugar goes to, as Bang ae 
examined all the obvious depéts. It is possible that the sugar is not 


stored directly as sugar and glycogen but that it is rapidly converted - 
into an intermediate compound which is not estimated by the usual — 


methods. This substance might be intermediate between the sugar 
and glycogen but such a compound would scarcely escape being esti- 
mated. Or it might be intermediate between sugar and lactic acid, 


in which case it would not be detected. However, there is no evidence | 


in favour of this view at present. 

The nature of the pathological change which occurs during fatigue 
is also very doubtful. It might either be due to an increase in the 


1. A-dose of 100 gms. of glucose produoés a sudden rise in the 


blood sugar in adult men which may be apparent within 10 minutes 
and usually reaches the maximum in 20 minutes. esky anansa cated 
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2. Under conditions which cause fatigue, the blood sugar rises 
to a greater height and takes 3 to 4 hours to fall to its original level. 
3. It is suggested that the normal rise is not due to a failure on 
the part of the liver to take up the sugar but that the “extra” sugar 
is on its way to the muscles and other storehouses. — 
4. The rise which takes place in fatigue would, on this hypothesis, 
be due to slight failure of the muscles and other storehouses. — 
_I wish to express my thanks to Dr A. E. Garrod for much kind 
help, and to Professor F. G. Hopkins for friendly criticism. 


The expenses of this research were defrayed by a grant from the Royal Society. 
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“THE REGULATION OF EXCRETION OF WATER BY 


THE KIDNEYS. I. By J. 8. HALDANE, MD., F.R3. 
J.G. PRIESTLEY, BM. — R.A.M.C., Bett Memorial 
Research Fellow. 


Numerous observations hei to. show. that the excretory process by 


which the kidneys regulate the composition of the blood-plasma is 


most delicately regulated. It is known, for instance, that a very slight 
excess of urea, or sodium chloride, or water, or acid or alkali, introduced 
into the body will produce a compensatory excretion of these substances. 
A very slight increase in the percentage of sugar in the blood will cause 


an abundant excretion of sugar, although practically no sugar is normally — 


— excreted, in spite of its constant presence in the blood. Similarly, a 
salt-free diet will rapidly cause the practical disappearance of chlorides 
from the urine, in spite of their continued abundant presence in the 
blood. 


by the kidneys is presumably a slight increase or diminution in its 
concentration in the blood-plasma; but quantitative data on this 
subject are as yet hardly existent. We therefore determined to set 
about the task of obtaining, as regards excretion by the kidneys, the 
same sort of information as we succeeded, some years ago, in obtaining 


with regard to the regulation of breathing by small changes in the CO, ~ 


content of the blood. 
The first question taken up has been the excretion of water. Our 


immediate object was to ascertain what dilution of the blood with 


water corresponds to a given rate of excretion of water by the kidneys. 
As a measure of dilution of the blood we at first took the hemoglobin 


percentage, since, if the blood is diluted with an excess of water during — 


diuresis, there will presumably be a fall in the hemoglobin percentage. 

For obvious reasons the experiments were made on man. 

i As a means of increasing the excretion of water we adopted the 
_ method of simply drinking large quantities of water. To diminish 

the excretion we employed prolonged sweating in a respiration chamber 

kept at such a wet-bulb temperature as to produce a maximum amount 

of sweating without any considerable rise of body temperature. 
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The stimulus to the excretion or retention of this or that substance 
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WATER HXCRETION BY KIDNEYS. 
For determining the effects of these procedures on the concentration 


"of the blood the Gowers-Haldane hemoglobinometer was used, the 


samples of blood being taken from a finger in the usual way. By this 


method the hemoglobin can, with careful work, be determined to 
within 1°/, of the normal concentration’. In some of the experiments 


we used the rather more delicate method of comparing the tints in 


two ordinary test-tubes, as described by Haldane and Lorrain 


Smith*. The results are given in terms of the Gowers-Haldane scale. 
The specific gravity of the urine was measured with an ordinary urino- _ 
meter standardised by us beforehand, the observations being made at the — 
temperature for which the instrument was standardised. 

The percentage of hawmoglobin in the blood of any individual 
varies appreciably, within certain limits, and is affected by muscular 
exertion, as recently shown by Schneider and Havens*, and by 
Boothby and Berry*; but control experiments showed that if 
disturbing causes, such as meals, were avoided, it remained nearly steady 
during a stay in the laboratory of a few hours. 

In each of the first two experiments two litres of water were drunk 
in 15 minutes. The results were as follows: 


Mean rate of 
secretion since 
Time per hour Sp. gr. Remarks 
10.45a.m. — Bladder emptied 
11.256—11.40 — of water drunk — 
12.30 530 303 1004 
12.50 _ 400 1200 1002 — 
2.0 — 640 1003 
230 -— «235 470: 1005 
Ezp. 11. 
2.20 1023 Bladder emptied 
3.55 — 670 425 1002 
5.0 760 701 1002 
This Journal, xxvt. p. 497. 1901. Tbid, xxv. p. 331. 
© Amer. Journ. of Physiol. xxxvi. p. 239. 1915. 4 ‘Toid. xxxvu. p. 418. 1915. 
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| OF these experiments, the first gave a very slight and doubtful 
diminution of the hemoglobin during the height of the diuresis, while 
the second. gave no diminution. A third experiment in which five 
litres of water were drunk gave the following — 


of 
secretion since 
Urine 
Remarks 
Bop. 
10.45 1021 Bladder emptied 
11.0 1 litre water drunk 
12.0 300 1200" 10038 » 
12.10p.m. 108 — 
12.30 380 760 1003 ~ 4 litre water drunk 
1.0 — 266 1060 
1.15 106 265 1060 1001 
136 310 930. 1001 
2.0 440 1056 1003 
2.30 380 760 — 
3.0 365 1003 
3.30 375 750 10038. 
335 670. 1003. 
4300 cups of tea = 500 c.c. 
4.55 _ 605 650 1002 — 
6.0 — 665 605 1002 
— 275 1003 
8.30 60 40 Dinner 1.07.30 


In spite of the increased amount of water. drunk in this experiment 


there was again no definite fall in the hemoglobin percentage. During 


the diuresis, between 10.45.a.m. and 7.0 p.m., 5460 o.c. of water had 
been excreted, while 5500 had been drunk. This volume of water. 
(exceeding by about a third the volume of the blood) had been passed 
through the circulation without any appreciable dilution of the blood | 
in the process, and possibly also without appreciable increase in the 


volume of the lymph and tissues. 
The maximum rate of excretion of urine was about 25 times an 


_ average normal rate, but was hardly greater in Exp. III than in Exp. I, 
There 
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WATER EXCRETION BY KIDNEYS. 


were also indications that the maximum rate could not be kept up 


by the kidney, owing to fatigue. 


In order to test this point further, 


the following experiment was made, in which the water-drinking was 


spread out over a long period. The urine was also measured at short 


intervals, 


Time 
Exp. 1V. 
10.7 a.m. 
10.31 
11.0 
11.30 
11.35 
11.40 
11.45 
11.50 
11.55 
12.5 p.m. 
12.10 
12.15 
12.20. 

42.25 
12.30 
12.35 
12.40 


12.60 
12.55 

1.0 
1.5 
1.10 
1.15 
1,20. 
1.26 
1.30 
1.35. 
1.40... 


~ 


250 c.c.. water drunk 


250 o.c. ‘water drunk 


250 c.c. water drunk 


250 0.0. 
250 
250 0.0. water drunk 
250 0.0. water drunk 
250 0.0. water drunk 


250 c.c. water drunk 


250 c.c. water drunk 


750 c.c. water drunk 


water drunk 


Shivering. Nausea on 
drinking 
750 water drunk 


750 0.0. water drunk 


fe 

pe 

Mean rate of 

since 
U last 
~ in in ¢.c. 

per hour Sp. gr. Remarks 
= 
Pp 
14 35 

wire’ J 
<2 
17 34 — 4 
— 
d 250 o.c. water drunk 
6 36 
4 — 
6°5 39 
— 
| 250 c.c, water drunk 
8-5 51 = 
‘ 
15-0 90 
24 144 
—— 
71 426 
12.45 a 
122 732 
| 136 756 ; 
148 888 
148 888 — 
q 
140 840 q 
: 
; 
2.0 130 780 
: 2.10 130 780 4 
y 
| 
©, 
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Mean rate of 
secretion since 
Time scale per hour Sp. gr. ‘Remerks — 
nik I V (continued). 
2.40pm. 108 256 . 768 1001. ‘Shivering 
2.50 120 720 1001 
3.0 —_ 118 708 1001 _ 
3.12 150 720 1001 
3.20 112 840 1000 
3.30 _ 112 672 1000 — 
3.40 112 672 
3.50. 130 780 
4.30 256 768 
5.0 374 748 
6.0 370 740 
6.30 352 704 


In this ceecabieaal the diuresis was pushed up te and reached 
@ maximum of only 888 c.c. per hour, after which there was a distinct 
‘decline, in spite of the fact that three times as much water was being 
drunk, and that the excess of water within the body was rapidly accumu- 
lating. The kidneys appeared to be unable to keep up a water diuresis 


of more than about 750c.c. per hour. Four hours after the last water — 


had been drunk the diuresis was still unchecked, and only 4700 out of 
the 5500 c.c. of water drunk had been excreted. 

Exps. I to IV were all made on the same subject (J. G. P.). Another 
experiment was therefore made on a different subject (J.8.H.). It 
will be seen that the results confirm those er obtained. 


2 litres water drunk 
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Jn none of these experiments, nor in a further one which we need 
_ hardly quote, was there a diminution of the hemoglobin percentage 


parallel with the diuresis, and it seems clear that a diminished h»mo- 
globin percentage, or increased volume of the blood, has nothing to 
do with the diuresis produced by drinking water. It was clearly 
necessary to. seek elsewhere for the change in the blood which excites 


_ the excretion, so we decided to examine the conductivity of the serum. 


The results are given in the succeeding paper. The fact that the 
hemoglobin percentage remains constant during even ‘extreme water 


diuresis is-nevertheless of great significance in enabling us to exclude . 


certain mechanical factors to which the diuresis might be attributed. 
The urine secreted during water diuresis is of course no mere filtrate, — 


and whatever changes in the composition of the blood lead to the 


enormous increase in the excretion of water, these changes are evidently 
very slight, and are comparable to the very minute changes in hydrogen 
ion concentration which cause enormous changes in the breathing. 
As no diminution in the hemoglobin percentage was produced by 
drinking water, we determined to try the effects of drinking dilute 
salt solution. In the first. experiment 0-6°/, solution of NaCl was 
employed, and two litres were drunk in 15 minutes. Nausea was at 
once produced, and 800 c.c. were vomited, so the h»moglobin estima- 
tions were abandoned. Nevertheless a considerable diuresis followed, 
and the interesting observation was made, that the specific gravity of 
the urine fell rapidly to a value below that of the salt solution. At . 
the height of the diuresis, with a rate of secretion of 604 c.c. per hour, 
the specific gravity of the urine was 1002, as compared with 1004 for 
the salt solution. In the succeeding paper further experiments with 
more palatable salt solutions are recorded, and show that, apart from 
other blood changes, a marked fall in the hemoglobin percentage occurs. 
Owing to the war, we were only able to make very limited observa- 
tions on the influence of sweating. As regards the influence of sweating 
on the hemoglobin percentage, several observations, made at the 


- Oxford Physiological Laboratory, have already been recorded by 


E. H. Hunt in an interesting paper on “The Regulation of Body- 
Temperature in extremes of dry heat.” He found that in two subjects, 
each of whom had lost 2-3 kilos. during an expogure of 2} hours to | 
dry heat in a Turkish bath, the hemoglobin percentage was the game 
before and after the exposure, although no liquid had been drunk. 
He also: found that, when collected with due precautions, the sweat 


Journ. of Hygiene, x0. p. 479. 1913. 
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contained only about -21°/, of NaCl, even after prolonged wrens 
without liquid being drunk. | 

Our first observation was a stilindeary: one; in which J. G. P. 
remained for 2 hours in a chamber with the wet-bulb at about 30°, 
The loss of weight was only 870 grms., and the hemoglobin was 109 
before going in, and 111 ‘half an hour after coming out. 
_ In a second experiment he stayed about 44 hours in the chamber, 
and lost 1-78 kilos. ‘(of which only about -02 kilo. could be accounted 
for by respiratory exchange). The hemoglobin was 108 before going 
in, 115 shortly after coming out, and 108 34 hours later, about 1600 c.c. 
of water having been drunk in the interval. There was thus a distinct 
fall in the hamoglobin percentage after the sweating, though the fall 
would only account for about a sixth of the liquid lost. During the 
sweating, and including a a period of 40 minutes before entering the 
chamber, 133¢.c. of urine had accumulated in the bladder, with a : 
‘specific gravity of 1029. The mean rate of secretion during the sweating 
was thus a little under 30c.c. per hour—a considerable diminution | 
‘from the normal. | 

made on J. 8. H., gave following results: 


Rate of 
Mouth Tempersture Urine sinoe last 
Time tae Wet bulb Dry bulb in c.c. ety Sp. gr. wae Remarks 
45pm — — 
1.0 46 1026 — | 


In this experiment the gross loss of weight was 1:18 kilos., during 


the sweating. Of this loss, however, -05 was due to the urine passed, 
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‘ia about -009 to respiratory exchange. The net loss, due to sweating 
and evaporation, was thus 1-07 kilos. The hemoglobin, as in Hunt’s 
experiments, had not altered. . After the first hour the rate of secretion 
of urine had fallen to about a third of the normal, but its specific gravity 
was only slightly increased. There was no sign of total stoppage of 
urine secretion. The rate of loss by sweating was somewhat disap- 
pointing. A greater rise of body-temperature seemed to be iieedied 
in order to. produce the maximum of sweating. 

The last experiment shows clearly enough that, just as no fall in 
the hemoglobin pereentage need accompany a great rise, due to 
ingestion of water, in excretion of water by the kidneys, so no rise in, 
ee the hemoglobin need accompany a fall, due to withdrawal of water 


ne from the body, in the excretion of water. We must seek elsewhere 
14 than in mere alterations of the volume of the blood for the causes of 


increased or diminished excretion of water by the kidneys. 


The enormous diuresis caused by ingestion of water is not dependent 
on general dilution of the blood with liquid. 
The diminished excretion of urine following great sweating is ‘ot 
dependent on general concentration of the blood, en some 
general ae may occur. 
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THE REGULATION oF: OF “WATER ‘ey 
"THE KIDNEYS. II. By J. G. ‘PRIESTLEY, B.M., Beit 
Research Fellow. 


In the courant paper a description has been given of stant 
made with the object of finding out what alteration, if any, occurred 
in the percentage of hemoglobin in the blood in consequence of 
drinking large quantities of water. These experiments showed that 
no definite alteration in the percentage of hemoglobin could be detected 

although the excretion of urine was increased enormously as a result 
of drinking large quantities of water. We therefore determined to 
try if some other method would throw any light on the relation between. 
the condition of the blood and the activity of the-kidneys. First of 
all we tried to make use of determinations of the refractive index of the 
serum or plasma, but found that the method did not yield reliable 
results. We then turned our attention to the electrical conductivity 
of the serum with better success. 

The method employed was as follows: Samples of blodd—about 
20 ¢.c. each—were obtained from a vein in the arm by means of a glass 
syringe. These samples were at once transferred to centrifuge tubes 
_ and allowed to stand in a stoppered bottle containing a little serum 
_ till coagulation had occurred. They were then taken out and centri- 

_ fuged. The serum was carefully pipetted off and introduced into the 
conductivity cell described below. It was found that 20c.c. of blood 
yielded enough serum to allow of efficient washing out of the cell. 
The time elapsing between the withdrawal of the blood and the filling © 
of the conductivity cell with the serum was the same for the different 
samples in any one experiment and, as stated above, during the time 
allowed for coagulation the tubes containing the blood were kept in 
a wide mouthed stoppered bottle, the bottom of which was covered 
with serum. By this means it was hoped to make the conditions with 
regard to evaporation, gaseous exchange, etc., as uniform as possible 
for all the samples taken during an experiment. 

Througliout the experiment the bladder was emptied at definite 
intervals of time and the urine was measured and its sp. gr. taken. 
After one or two samples of blood had been obtained a large quantity 
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samplés of blood were taken during the time that the resulting diuresis 


lasted. 

The conductivity measurements were made by means of a metre 
bridge with extension resistance which made it 
equivalent to a 10 metre wire. A condenser was | iy 
employed to improve the sharpness of the minimum = 
point and it was found to be fairly easy to get 
minimum points not differing by more than 1 mm. 
The conductivity cell was immersed in a thermostat, 
the temperature of which was kept constant to 
within -01°C. by means of an electric regulator. 
The conductivity cell used is shown in the figure. 

The earlier measurements were made at 21°C. Owing to the 
hot weather the thermostat could not be kept at this temperature 
for the last three experiments. In these cases, therefore, the 
conductivity was measured at 25°C. A rise of 1°C. increases the — 
conductivity of a solution 2 per cent. Hence the considerable 
difference between the conductivity figures of the last three | 
experiments and the earlier ones. Section of conduc- 

The electrodes were 1 cm. apart and 8 mm. in ia 
diameter. The cell was treated to remove soluble alkali from the 
glass and the electrodes were well platinised before use. For each 
determination the cell was washed out two or three times with the 
serum to be tested before being filled with the sample actually used for 
the estimation. Control showed was 
effective. 

The. following results were obtained: 


Time at 21°C. x Risearks 
11.00 a.m. | 
12.05 p.m, 111-49 
12,10 
12.45 8 titres tap water drunk 
1.06 106-18 
2.20 106-42 
5, vi. 14, J. a. P. Water drinking experiment. 
Time at 21° Remarks 
11.30 a.m. 111-88 | 
12.40 p.m. 112-21 
1246 Is litres tap water drunk 


1,15 
2.40 106-53 
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as was drunk had been excreted, along with about as much as would 
have been excreted under normal conditions in the same time. During 
the diuresis the conductivity had fallen, but towards the end of the 


‘ In‘each of the above experiments the usual considerable diuresis 
occurred, but the urine was not collected and measured. The diuresis 
was in each case still yery great. when the last sample of blood was 
taken for conductivity measurements, It will be seen that there was 
a fall of about 5 p.c, in the conductivity during the diuresis. 


J.G.P. Water drinking experiment. 
Time Urine ince x 


111-81 litres tap water drunk, 10.30—11.0 


10.30 a.m. 
11.30 224 
12,00 500 
1.00 506 Sp. gr. of urine about 1001 
1.30 435 Sp. gr. 1001 
2.25 109-67 
2.30 350 
4.00 190 
‘6.10 190 


In of water were drunk, atid 8350 of 
urine were excreted during the next seven hours, so that.as much water 


diuresis had risen again to nearly normal. The urine secreted at the 


height of the diuresis was nearly pure water and the rate of secretion 


was about twenty times the normal, while the diminution in the conduc- 
tivity of the serum was only about 2 pc. of the normal. ; 


22. v.14. J.G.P. Water drinking experiment. 


Time Urine in c.c, Remarks 
8,45 a.m. emptied 
9.40 111-91 

|3 litres tep water drunk 
10.55 107-66 
11.15 300 
11.40 107-65 
11.45 500 
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22. vi. 14 (continued). 


Time Urine in c.c. Remarks 
12,15 p.m. 575 
& 12.45 | 525 
S In this experiment the general result was similar to that of the last 
: experiment, but the conductivity during the height of the diuresis 


diminished as much as 4 p.c. and returned to normal at the end of the | 
30. vx. 14. J. 8. H. 


“me Urine in cc. Heemogliobin Remarks 
10.05.a.m. Bladder emptied Sp. gr. of urine = 1028 
10.30 91 | 
11,00 


11.20 Sp. gr. 1029 
11.50 
12.05 p.m. 25.  Spegr. 1030 
23 Sp. gr. 1025 
1,37 108 Sp. gr. 1007 
2.10 116-98 | 
2.35 Sp. gr. 1008 
81-5 


3.10 
3 3.20 


Sp. gr. 1016 


4.22 — Sp gr. 


In this experiment, with another there was a marked 
_ .. diminution in the conductivity of the serum during the diuresis. The 
" hemoglobin percentage varied, but the variations showed no nin 
| with the diuresis. 
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10. vim. 14. J. @:P. Experiment to determine effect of drinking salt solution. 


Time 
9.00 a.m. 
10.00 
10.20 
10.50 
11.00 
11,05 
11.15 
11,30 

12.00 
_ 12,06 p.m. 


12.30 
12.45 
12.50 
1.00 
1,10 
1.30. 
2.03 
2.20 
3.50 
3.55 
4.08 


Time 
8.23 a.m. 
9.20 . 
9.40 

9.60 
10.00 
10.10 
10.15 
10.20 
10.30 
19.40 
10.45 
10.50, 
11.00 
11.10 
. 11.20 
1,80 
11.40. 


Urine in ¢.c. 


Bladder emptied 


& 


1 


Sp. gr. 1020 


gr. 1023 


litres salt 


Bp. gr. 1018 


Sp. gr. 1003 


Sp. gr. 
Sp. gr. 1013 
Sp. gr. 1016 


Sp. gr. 1020 


J. G. P. Experiment to determine effect of drinking salt solution. | 


Urine in c.c. 
Bladder emptied — 
51 


20> 


[Ei Ri 


Hb 


tite 


= 


44 


Remarks | 


Sp. gr. 1026 


Sp. gr. 1027 


8 litres salt soln, drank 


Sp. gr. 1024 


Sp. gr. 1017 


Sp. gr. 1007 


1008 


x 
Woks 
110-5 
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17, vi 14 (continued). 

Time Urineincoc. 
2.20pm. 16 
12,30 


Sp. gr. 1008 


Hb 

12.40 Sp. gr. 1013 
12.50 | 
1.00 Sp. gr. 1013 
1.10 98-5 i ae 


1.20 
1.40 

2.00 

210 
2.20 
2.40 
3.00 

8.40" 

4,20 
4500 
5.50 


In this and the previous experiment the seuiaieine rose and the 


‘Sp. gr. 1014 
» 


gr 101d 


hemoglobin fell during the diuresis, but in the last experiment the 


fall in hemoglobin outlasted the rise in conductivity. The diuresis 
was also more prolonged and less intense than when an equal amount 
of water was drunk. | 
In each of the last two experiments the salt solution drunk had 
the composition : 
MgCl, +6aq._... 1-80 gems, 
NeH,PO,+aq. ... 0865 ,, 
Distilled water ... 5500 c.c. 


“The PT of this solution at 25°C. was 182+15 x 10 and 


its specific gravity at room temperature was 1006. It was meant to 


approximate to the salt content of human serum and was found to be 
much more palatable than ‘6 p.c. sodium chloride solution—a point 
of some practical importance because it was found to be almost impos- 
sible to drink rapidly two or three litres of sodium chloride solution 
producing vomiting. 

owing to the war, and consequently we do not propose at present to 
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enter upon any but a brief and tentative discussion of the experimental 


results obtained so far. 


In the case of the water-drinking diuresis it would seem that the — 
following sequence occurs:—Pari passu with absorption of water from 


the intestine, salts at first pass out of the blood into the water in the 
intestine. As a consequence of this loss of salts the conductivity of 
the blood plasma is diminished, and its proportion of salts to water 
is similarly diminished. This slight diminution excites a copious 
diuresis of water sufficient to prevent any increase in the blood-volume, 

so that there is no diminution in the hemoglobin percentage, except, 
possibly, about the end of the diuresis, when salt is being re-absorbed 
from the intestine. 

In the diuresis from drinking salt solution, the salt solution, since 


it has about the same salt-concentration as the blood-plasma, is absorbed _ 
as a whole, without passage of salt outwards into the intestine. The © 


diuresis only occurs when both water and salts are in excess relatively 
to the other constituents of the blood-plasma. This is shown by the 


facts that the hemoglobin percentage is diminished and the conductivity 
increased during the diuresis. It was expected that the urine secreted _ 


during the diuresis would have.a salt-concentration no lower than that 
of the salt solution absorbed, and. would be practically a filtration 
product similar to that observed by Barcroft and Straub! on injection 


of salt solution into the blood. Actually, however, the urine secreted — 


during the diuresis had at first a specific gravity much lower than that 


of the salt solution, and afterwards much higher. It was never a mere 


filtrate, so that although both water and salts were, relatively to other 
constituents, in excess in the blood, the excretory processes by which 
the excesses of these two substances were eliminated were separate, 


and the diuresis must have been an active process similar to the 


diuresis following the drinking of pure Water. 


We hope to continue and extend the ‘experimenta at the earliest ) 


great diuresis—up rate of 1 1200 c.c. 


per hour—following regularly on drinking large quantities of water 
or dilute salt solution, there are changes in the electrical conductivity 


"This Journal, xu. p. 145, 1910, 


of the serum : (a) when water is drunk is 
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diminished; (6) when the salt solution is drunk the conductivity is 
increased. | 

(2) Water drinking does not cause appreciable dilution of the 
blood, as shown in the previous paper, but drinking salt solution does 
cause lowering of the hemoglobin percentage. : 

(3) As the diuresis passes off the conductivity of the serum returns 
to its original value and the hemoglobin percentage rises again. _ 

A point which we wish to emphasise is the smallness of the blood 
changes as contrasted with the enormous increase in the amount of 
urine excreted. _In this connection it is of interest to recall the very 
small changes in CO, tension in the alveolar air which produce very 
great changes in the ventilation of the lungs. 
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LACTIC ACID METABOLISM IN THE ISOLATED HEART 
(HEART LUNG By KWANJI TSUJI 


(From the Institute af Physiology, Uninereity Coleg.) 


Ir is well known that sugar can be utilised by muscle as a source of 


energy and the main product of its activity is carbon dioxide. Rohde(1) 
and Evans@) found that the gaseous metabolism of the isolated heart 
is nearly the same as that of the entire animal. Locke and Rosen- 
heim@) showed that glucose disappears from the fluid used to perfuse 
an isolated heart. Patterson and Starling(4) confirmed their results 
and have shown that when hearts are treated with adrenalin glucose 


disappears much more quickly from the circulating blood than it does 


in the case of normal hearts without such addition. Evans(5) ascribed 
this disappearance of glucose from the circulating blood to its oxidation 
to the end product, CO,. Evans and Ogawa(é6) found that the total 
gaseous exchange of the isolated heart is increased by the addition of 


adrenalin and that the power of the tissue to utilise carbohydrate i is 


not interfered with by its addition. 


The present experiments were undertaken to determine in what 


conditions the lactic acid, known as the intermediate metabolite of 
muscle tissue, increases or diminishes in the case of the isolated heart, 
and its relation with the soluble nitrogenous constituents (amino-acid, 
urea and ammonia) contained in the circulating blood. | 

With regard to the origin of lactic acid formed in the tissues, various 
views are held. Some authors ascribe it to the disintegration of carbo- 
hydrate (glucose), while others suggest the deaminisation of amino- 
acid (alanine) as its source. This question remains still undecided. 


However, that the formation of lactic acid in the tissue is due to — 


the vital processes of the tissue cells is evident from the observations 
of Gaglio?), Salkowski(s), Fletcher) and others. Of importance 


is the observation of Minkowskio), who found that the lactic acid — 
in the urine of geese increases after the extirpation of the liver in the 
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same proportion as the increased ammonia and the decreased uric acid. 

v. Frey() and Schéndorff(2) have shown that if muscle be kept 
alive by perfusion with defibrinated blood, a slightly increased amount 
of ammonia is formed; the former author added that there is neither 
increase nor decrease of urea in the blood after circulation. Asher 
and Jackson(i3) found that the increase of lactic acid in the blood 


_ circulated through live muscle is associated with the formation of 


soluble nitrogenous constituents. In opposition to these results Parnas 
and Wagner(i4) found in their experiments on muscle autolysis that 
the increase of lactic acid is not accompanied by any rise in the amount 


of nitrogenous constituents. 


The most special notice must be taken of the recent works of 
Embden and his co-workers. Embden and Almagia(s5), Norden 
and Embdenqs), Embden and Kraus(7), carried out experiments 
on the artificial circulation through the liver, and came to the conclusion 


that lactic acid is formed in a liver free from glycogen and that the 


lactid acid is markedly increased by adding alanine or sugar to the 


‘circulating blood. The experiments of Embden and Kraus(is) and 
_Embden, Kalberlah and Engela9) on the compressed fluid of 


muscle, and the experiments of Fletcher on minced muscle, indicate 


that the lactic acid in tissue is produced neither from carbohydrate 


nor from alanine and might be derived from an unknown substance 
contained in the cell protoplasm. Tuerkel(0), who investigated the 


_ formation of lactic acid in autolysed liver, came to the same conclusion. 


Methods. Dogs- were used throughout the experiments. The 
heart-lung preparation was made by the method described by 
Knowlton and Starling@i). The blood employed for circulation 
was obtained from the carotid of one or two other dogs under chloro- 
form-éther anesthesia. For the estimation of lactic acid Embden’s 
method (22) was used, Hurtley’s@3) apparatus being employed for 
ether extraction. Ammonia was determined by Folin’s method, 
urea by urease method, and the total amino-acid nitrogen by van 
Slyke’s method 4). In the two former cases the protein in the blood 
was removed by dialysed iron and a small amount of hydrochloric 


acid was added to the filtrate which was then evaporated on the water- 


bath; in the latter case alcohol was used for the removal of protein 
and the filtrate was evaporated in vacuo, the trace of protein remaining 
being removed by a small amount of dialysed iron. — | 
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314 KWANJI TSUJI. 
1. The lactic acid formation in the normal heart. — 


In the first place it was sought to determine whether, when the | 


heart: is beating and well supplied with air, there is any increase of 
_ lactic acid in the blood flowing through it. 


Exp. 1. Dog. B.P. 60mm. V.P. 70 mm. Temp. 362° Periods 


of 90 minutes. 
Lactio acid ‘O185— 0418 


Ezp. 2. Dog. Heart 52 gms. B.P. 60mm. V.P. 70 mm. Temp. 305°C Periods 
of 110 minutes, 


At beginning Atend 
Amino-acid-N. ... ‘00489 ... 00524 
Ammonia-N. ... 00303 ... 00513 


From these two results it is seen that there is a definite rise in the 
amount of lactic acid in the blood circulated through the heart lung 
preparation under normal conditions. : 

_ _‘That the lactic acid in the blood perfusing through the live organ 
(muscle, liver and lung) is always increased, was determined by many 


authors (Gaglio, Frey and Asher and Jackson, and others); more- 
over we know from many observations of previous authors that the 


lactic acid produced in tissues is one of the normal metabolites. We 
might conclude that lactic acid is produced in the normal heart lung 


preparation as well as CO,. Before deciding in this sense we must be 


quite certain that the supply of the heart muscle with oxygen in the 
experiments mentioned was adequate. The production of lactic acid 
in the absence of oxygen is a well established fact in the case of voluntary 


muscle and might be expected also for heart muscle. The experiments — 


which ¥ shall quote later arouse the suspicion that the arterial pressure 
adopted in these experiments, namely 60 mm. Hg., was hardly sufficient 


to maintain an adequate flow of blood through the coronary vessels. 


It will be seen that, when the pressure was raised, so bringing about 
a greater flow through the coronary vessels, the lactic acid in the blood 


was not increased but was diminished. That the production of-lactic 


acid can be still further increased by deficient oxygenation is shown 
in the next series of experiments. 
With regard to the nitrogenous constituents, there is some increase 


of ammonia after circulation, nn 
of amino-acid or urea. | 
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le of loco acid in dafoiont coygenation. 


Since Araki) discovered that lactic acid is produced by a deficient 
supply of oxygen in the tissue, his results have been frequently confirmed. 
For this purpose the artificial respiration was stopped a six minutes 
in the following experiment. 


Hep. 3. Dog, Heart 64 gms. B.P.60mm. V.P. 70mm, Tomp. 36-5°C. Artificial 
oe stopped for 6 mins. | 
Before After 
Although not so largely as expected, the lactic acid is apparently 
increased by stopping the artificial respiration. It must not be over- 
looked that the amount of lactic acid in the blood used for my experi- 
ments may have been much larger than that of normal blood owing 


to the fact that it was under chloroform narcosis. Hopkins and 
Fletchers) and others indicate that there is some final maximum in 


the formation of lactic acid in muscle. It is possible that when a large 


amount of lactic acid is contained in the blood perfused through the 
heart, it may more or less inhibit the production of lactic acid from the 


_ 8. The formation of lactic acid in chloroform poisoning. 

There is definite evidence that when the tissues are poisoned by 
chloroform, lactic acid may be produced. The following experiment 
was carried out to confirm the effect of chloroform on the formation 
of lactic acid in the case of the heart lung preparation. 


Exp. 4. Dog. Heart 80 gms. B.P. 60mm. V.P. 70mm. Temp. 36-4° C. Chloro- 


Before After 
Ammonia... 00616 =~... -00728 


4. The effect of adding amino-acids to the circulating blood. — 
That the formation of lactic acid in the tissues has an intimate 
relation with the production of soluble nitrogenous constituents is 
considered evident by some authors (Minkowski (liver) and Asher 
and J ae (muscle)). In my experiment I attempted to determine 
21—2 
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whether amino-acid added to the circulating blood would increase the — 
production of lactic acid and whether the amino-acid would be con- , 
sumed by the work of the heart. | 
(1) Alanine. Among the many amino-acids, alanine suggests itself 
for trial in view of its constitution, and there are many experiments 
which indicate that lactic acid may be produced by deaminisation of 
alanine in the tissues. a 
Exp. 5. Dog. Heart 62gms. B.P. 60mm. V.P. 70mm. Tomp. 365°C. The 
circulation was continued for 100 minutes after adding 4 gms. of L-alanine to the blood. 


- The heart beat was markedly accelerated. Three minutes after adding alanine the blood 
was taken for the first estimation. | : 


At beginning Atend 


: 
Amino-acid-N. eee 0632 0532 f 
Urea-N. 12 eee ‘Ol 12 


Contrary tomy expectation, the lactic acid markedly diminished 
after adding alanine. There was no difference in the amounts of all 
three nitrogenous constituents. 


(2) Glycine. 

6. Dog. Heart 68 gms. B.P. 60mm. V.P. 70mm. Temp. 364°C. Periods 
of 20 minutes after adding 5 gms. of glycine. The blood for the first estimation was taken 
three minutes after adding glycine. The effect of glycine on the heart beat was not so 
remarkable as that df alanine, but the apparent acceleration of the heart beat was still 

At beginning At end 
Lactic acid ... 0222 ... ‘0201 

Ezp.7. Dog. Heart 55gms. B.P. 60mm. V.P. 70mm. Temp. 36°4°C. Periods 
of 15 minutes after adding 5 gms. of glycine. Otherwise the same as the previous 
experiment. 


At beginning At end 
Lactic acid ... -O472 ... -0457 
Owing to insufficiency of the blood used for circulation these two 
experiments could not be continued so long as the previous experiments. 
However it is seen that the lactic acid was again found diminished by 


(3) Erepione. 


Hap. 8. Dog. Heart 71 gms. B.P. 60 mm. V.P. 70 mm. Temp. 36-5° C. Periods 
of 30 minutes after adding 5 gms. of ereptone. The heart beat was remarkably accelerated. 
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| beginning At end 
-Lactic acid ose 0571 ese 
Amino-acid-N. eve 4 

0134... -0139 


ie pe the three nitrogenous constituents the difference found 
may quite possibly be due to errors of estimation. 

The question may arise, what is the cause of the diminution of 
lactic acid after the addition of amino-acids? Is it due to the accelera- 
tion of the heart beat or to the special action of amino-acids? a 


5. The effect of adding adrenalin to the circulating blood. 


In order to ascertain whether the diminution of lactic acid was 
caused by the acceleration of the heart beat, adrenalin was added to 
the circulating blood. 


Hap. 9. Dog. Heart 47 gms. B.P.60mm. V.P. 70 mm. Periods 
of 50 minutes after adding 2.0. of adrenalin (;y},5;). The effect of adrenalin on the 
heart beat was almost the same as that of alanine and ereptone. The blood for the first 


At beginning At end 
acid eee -0293 ; eee -0253 
Amino-acid-N. 00650 eee ‘00701 
Ammonia-N. ... -00735 «... 00700 


| ‘a 10. “Dog. Heart 62 gms. B.P.60mm. V.P. 70 mm, Temp. 36-4° C. Periods 
of 36 minutes after adding 2.0. of adrenalin (y5}y5). The effect of adrenalin on the 


heart beat was the same as in the previous experiment. The blood was taken before _ 


addy for the frst eptimation and 15 minutes after adding adresialin for the 


second estimation. 
Before After At end 


Lactic acid 0281. «0175 0176 


It will he anus that a caine diminution in the amount of lesike 


acid occurs as a result of adding adrenalin to the circulating blood. 


From the results of this experiment the diminution of lactic acid in 
the previous experiment must be ascribed to the acceleration of the 
heart beat brought about by tlie amino-acid. The amount of ammonia 
still remains negligible. 

Why acceleration of the heart beat should cause diminution of the 


, lactic acid in the blood is not at first sight evident. We may think that 


since the total metabolism, as shown by Evans, goes up pari passu 
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- with the heart rate, the supply of oxygen would be more deficient in 
the accelerated heart and the formation of lactic acid increased. But — 
we know that adrenalin, in addition to its action on the rate of the 
heart beat, causes marked dilatation of the coronary vessels. It 
seems possible that some action might be produced by the amino- 
acids; if this were the case, an extra supply of oxygen to the heart 
muscle might more than counterbalance the effect of the increased rate 
so that the production of lactic acid would be diminished and this 

substance actually utilised for the work of the heart -_ weenie 
oxidised to CO,. 


6. of the sharks thi heath 


This experiment was carried out to determine whether the lactic 
acid contained in the circulating blood might be diminished by increasing 
the work of the heart by means of alterations in the blood-pressure. 
Exp. 1. Dog. Heart55 gms. B.P, 100mm. Y.P. 70 mm. Periods 
of 15 minutes, 


AN At end 
Lactic acid ‘0380 -0362 


Owing to the entrance of air into the circulation, this experiment 
could not be continued. It will be seen however that there is a slight 
diminution in the amount of lactic acid. In this experiment again, 
the result seems at first sight the reverse of what might be expected. 
The heart, doing more work, requires a greater supply of oxygen, but 
the effect of the increased arterial pressure on the coronary circulation 
is sufficient to more than counterbalance the increased oxygen needs 
of the heart, so that the condition of the organ is actually improved 
by the rise of arterial pressure. 


1. The effect of stimulating the vagus. 


Since adrenalin, in accelerating the heart beat, caused a diminution 
in the lactic acid, it seemed of interest to determine whether, when the 


heart beat is inhibited by stimulating the vagus, there is an increase 
‘in the lactic acid. 


Exp. 12. Dog. Heart 82 gms. B.P.60mm. V.?. 70mm. Temp. 36-6°C. The 
vagus was stimulated Yy Faradisation for six minutes and then the blood-pressure was 
altered from 60 mm. to 150 mm. and the circulation continued for 30 minutes. e 


Before After Attend 


| 
Ammonia-N. ... -01064 
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_ As was expected, the lactic acid is apparently increased by stimu- 
lating the vagus and again diminished by increasing the work of the 
heart. As is seen from the table, with the increase in lactic acid there 
is some rise in the amount of ammonia. 3 
: We can hardly interpret these results as showing any quslitetive 
effect of the vagus on the metabolism of the heart. The results are 
comparable with those I have already recorded on the effect of changes 
in the arterial pressure on the production or utilisation of lactic acid 
by the heart muscle. I am inclined to ascribe the whole effect obtained 
here on stimulation of the vagus to the diminution of pressure thereby 
vessels. 


_ It has been argued by several observers that there is a formation 
of lactic acid in mammalian muscles kept alive by artificial circulation, 
and that when the same muscles are excised the production of lactic 
acid may be increased. In my experiments also this formation of 
lactic acid occurs in the normal heart lung preparation. It is however 
of interest that on increasing the work of the heart or on accelerating 
its beat, not only is there no further production of lactic acid, but that 
which has already been formed disappears from the circulating blood. 
Hopkins and Fletcher have shown that if a fatigued muscle be 
exposed to pure oxygen, the lactic acid may disappear within two 
hours, that is, the muscle possesses in itself a chemical mechanism for 
the removal of lactic acid. Evans and Ogawa have shown that when 
the heart beat is accelerated by adding adrenalin to the circulating 
blood, there is a definite rise in the respiratory quotient accompanied 
by an increasing consumption of sugar. The disappearance of lactic 
acid from the circulating blood on increasing the work of the heart 
must be ascribed to the fact that the lactic acid may be consumed by 
the ‘heart muscle; that is to say, when the heart muscle is exercised 
in a sufficient supply of oxygen, the foodstuff (carbohydrate) is com- 
pletely oxidised to the end product of metabolism (CO,) as the source 
of energy, instead of leading to the formation of lactic acid. On the 
- other hand, any diminution in the blood flow through the heart muscle, 
even such @ diminution as may accompany a lowering of the blood- 
pressure almost within physiological limits, may lead to a marked 
formation of lactic acid. Under normal circumstances, however, it 
would seem that the metabolism leads to the production of CO, and 
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that the production of lactic acid with its accumulation in the blood 
must be regarded as a morbid condition. 3 

’ As regards the extractive nitrogenous constituents there is a slight 
rise in the amount of ammonia associated with the increase in lactic 
acid. As the formation of ammonia has no relation to the work of the 
heart, we may suppose that the muscular activity does not consume 
the protein. Moreover, the fact that no change was found in the © 
amount of amino-acid nitrogen contained in the blood or added to 
the blood as the result of the work of the heart, may indicate the same 
- conelusion. The question may arise, whether the ammonia formation 
is @ primary product of the disintegration. of cell protein together with 
the formation of lactic acid, or whether it is a secondary result required 
naturally for the protection of the organism against acid poisoning. 
Although my experiments are not sufficient to decide this question, it 
seems quite probable that the formation of ammonia is secondary in 
character since it appears that muscular activity does not at all 
increase protein metabolism, the lactic acid, known as an intermediate 
metabolite, from other from carbo- 


1, Lactic aid in produood in the cioulating blood of heart lung 
preparation under conditions approaching normal. 

2. These results may indicate that lactic acid is one of iiss! 
metabolites of muscular activity. 

3. The formation of lactic acid is increased in poisoning by chloro- 
form and in the presence of a deficient supply of oxygen in a heart 
lung preparation. — | 

4, When the heart beat is accelerated by adding adrenalin or 
amino-acid (alanine, glycine or ereptone) to the circulating blood, or 
the heart work is increased by alterations in the blood-pressure, lactic 
acid is not only not produced, but the lactic acid previously contained 
in the circulating blood disappears. On the other hand lactic acid is 
produced when the heart beat is inhibited by means of seuaeusing 
the vagus. 

5. These effects. may probably all be explained as due to jae 
in the coronary circulation and in the oxygen supply to. the heart. 


6. There ia a slight rise in the amount of ammonia sgaociated, with 
the increase of lactic acid. 7 
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7. The amino-acids contained in the circulating blood or added 
thereto cannot be utilised by the heart. 
8. There is no evidence of the formation of urea in the heart. 


In conclusion I desire to express my thanks to Professor Starling 
for suggesting this work and to Professor Bayliss and Dr Plimmer | 
for their kindness in supplying the amino-acids used in this investigation. 
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ON THE BIOCHEMICAL MECHANISM OF GROWTH. 
By W. CRAMER. pa. 


‘(From the Laboratories of the Imperial Cancer Research Fund, London.) 


In the following investigations, as in previous ones (1-5); the mechanism 
of growth has been studied as it presents itself in the growth of trans- 
plantable neoplasms. These neoplasms when propagated experimentally 
exhibit the phenomenon of growth in the simplest form. The growth 
of many tumours consists in a simple autonomous multiplication of 
cells, freed from the accessory phenomena which often accompany — 
growth in the higher animals, such as progressive differentiation as it 
occurs in the foetus, functional activity, correlation between different 
tissues and organs and so on. It is important to realise that this 
property of growth is not the feature which distinguishes tumour cells 
from normal adult cells. All normal cells possess the property of 
growth, although in a varying degree, and their rate of growth is not 
necessarily less than that of the cells of the neoplasm. The formation of 
lymphocytes in the lymph nodes and of sex cells in the testis are perhaps | 
the most obvious instances of active growth processes taking place in the _ 
adult organism. That the newly formed cells are dispersed and secreted, 
or excreted, so that there is no increase in the mass or size of these 
organs, is merely an incident which does not deprive these phenomena of 
their fundamental character of growth processes. Many transplantable 
tumours show indeed a rate.of growth exceeding that of normal tissues 
although not approaching that of foetal tissues. But there are also 
tumours which grow very slowly, so that their rate of growth if measured, — 
according to Minot<é6), by the mitotic index would certainly fall below 
that of the more actively growing normal tissues. The fundamental 
difference between a normal cell and the cell of a neoplasm lies, as has — 
been repeatedly pointed out in papers from this laboratory, in the 
property of unlimited growth which is exhibited by the latter. This 
problem of the ageing and senility of the cell which leads to the death 
of the normal cell, while the cancer cell escapes—for it is not altogether 
absent in the cells of a neoplasm which show phases of senescence 
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and rejuvenation—is.a problem by itself. Here we are dealing with 
the more general problem—Why and how does a cell grow? or as it 
_ should be formulated more correctly, -——Why do some cells grow more 
quickly than others living under the same nutritional conditions ? 

_ In @ previous investigation this problem had been attacked() by 
determining the retention of nitrogen by a young animal (rat), and 
then observing the effect of implanting into this animal cells (a neoplasm) 
which grew more rapidly than the host. In confirmation of other ex- 
‘perimental evidence, it was found that the growth of the neoplasm did 
- not interfere with the continued retention of nitrogen by the host. 
An unexpected result was obtained when the fate of the retained 
nitrogen was further analysed). It was then found that with equal 
amounts of nitrogen the neoplasm had built up a larger mass of proto- 
plasm than the host. This was confirmed by an analysis of the protein — 
content of the fresh tissues of the neoplasm and in the host. Weight — 
for weight the former contained less protein than the latter, while the 
amount of nitrogenous metabolites was as great or slightly greater in 
the case of the tumour cells. In other words, the rapidly growing 
cells of a neoplasm build up living protoplasm more economically 
than the slowly growing celis ofthe 
host. 

If the cells of a rapidly growing neoplasm contain less protein it 
is obvious that the deficit must be made up by other cell constituents. 
It was thought at first that lipoids, fats, or carbohydrates might 
account for the difference, but this supposition was not confirmed by 
chemical or histo-chemical observations(3).. It seemed also possible 
to assume that the protein of the cells of the neoplasm differed from — 
that of normal tissues in being much poorer in nitrogen. This however 
was negatived by the fact that the nitrogen content of the dried normal 
tissues and of the tumour did not show any marked difference. The 
observations of Medigraceanu and Abderhalden(7) on the analysis" 
of the proteins isolated from transplantable tumours also show that 
no such gross chemical differences exist. 

‘ There remained then only the inorganic constituents of protoplasm, 
water and i inorganic salts, to account for the diminished protein content 
of the rapidly growing cells of the rat tumour. An estimation of the 
water content of these cells and a comparison with the water content 
of the liver, kidney and muscle of the host and of normal rats showed 
indeed that the protoplasm of the tumour cells is much richer in water 
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This raised the question whether a high water content was a property 
common to all cancerous protoplasm but absent from the protoplasm — 


of normal cells. If that could be established, it would show an | 


interesting difference in the composition of normal and cancerous 
protoplasm. Such a difference, however, whatever its significance 
might be, would not help us to understand the biochemical mechanism 
of growth. For, as has been indicated above, the phenomenon of 
growth is exhibited in a varying degree by normal cells as well as by 
cancerous cells and the variations of the rate of growth in both types 
of cells are considerable. If, on the other hand, the biochemical 
mechanism of growth were related to the water content of a cell in 
such a way that a rapidly growing cell builds-up protoplasm with 
DWS Il (8 25 32 nano more water and relatively 
ess of the complex organic sub- 
stances (proteins, lipoids, etc.) than a 
cell showing a slower rate of growth, 
the water content of a cell whether 
normal or cancerous should vary 
parallel with its rate of growth. 
It was decided, therefore, to in- 
vestigate the water content of a 
number of different strains of trans- 


@ @ 


plantable neoplasms showing great 

| differences in their rate of growth 
@ @ and to compare the results with 
| : the water coritent of different normal 
! tissues and organs. The following 
72/31 eight strains of mouse carcinomata 


: } were taken on the advice of Dr J. A. 
(S5/25A - + ¢ Murray as representing great differ- 
7 ences in their rate of growth: 63, 
iO cM Jensen, 292, 206, T, 27, 72, 155. Dr 
: M Murray, who has had these strains 

Fig. 1. The figure under observation for many years, 
grouped them as folows: 
cinomate with which this paper | Very rapidly growing strains: 

tale hy toga Jensen, 292, 206, 63 

the size of typical tumours belonging por slowly growing strains : a, 


 Steain of intermediate rate of growth: T. 
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The great differences of growth which exist between these different 
tumour strains can be seen from Fig. 1. A good idea of these 
differences in the rate of growth can be formed from the fact that 
a fortnight after subcutaneous transplantation of a piece of tumour 
tissue weighing about two centigrams, the rapidly growing tumour may 
have attained a weight of between two and five grams and threaten 
to break through the skin, while after the same period the slowly 
growing tumours are not visible and are barely palpable. 

- In the first series of observations the water content was estimated 
at irregular intervals after transplantation whenever any tumour 


belonging to one of the strains was being transplanted. The water 


estimations were carried out by heating the tissue in a weighing bottle 
in a toluol bath, which gave a constant temperature of 107°, until 
constant weight was obtained. With the amounts of tissue used 
(0-5 to 1-0 grm.) this*required about 36-48 hours. The tumour was 
freed as much as possible from necrotic tissue by dissection. This 
can be done satisfactorily when the necrosis is central, as it usually 
is when it is due mainly to the size of the tumour being so great that 


the growth of the stroma is unable to keep pace with it. It is, however, 


not. possible when the necrosis is more diffuse owing to inherent changes 
in the tumour cells themselves or when the central necrosis has become 
so extensive that only a thin layer of healthy tissue remains at the 
periphery. The occurrence of this miliary necrosis therefore intro- 
duces a fallacy in this series of observations which will be dealt with 
later. Another fallacy would be the occurrence of cysts filled with 


@ watery fluid, but such strains were excluded from these observations. 


In the strains which had been selected the occurrence of such cysts 


is rare. 
Tape I. Analysis of Mouse Carcinomata. I series. 
0-8 14 - 83-5 
279 A 16 14 - 83-1 
Jensen 242 B 3-0 21 + 82:3 
278 A 16 14 - 
277A 2-7 “4 84-2 
243 D 0-6 . 10 - 83-0 
62 B 46 26 84-8 
~ 292 63 B 4-1 ++ 84:6 
10 27 + 84-7 
| 28 + 83-4 
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| 1160 83-2 
TB 30 +++ B21 
76 A 80:7 
T TTA 3-5 49 + 82-2 
718A 45 ++ 82-5 
tae 44 81-6 
3 +. 19-1 
: 3-0 56 + 79-4 
31 56 30-4 
+ 806 
A 
iss 70 - 800 
72. 30 A 8-0 97 + 71904 
25 147 - 79-9 


The results are given in Table I. The presence of visible necrosis 
which is usually central and well defined is indicated by the sign +. 
The extent of visible necrosis is indicated by the number of crosses, 
is os sth signifying an extreme amount of necrosis and consequently 
some difficulty in obtaining by dissection henttay tissue free from 
necrosis. 

The water content of the normal tissues of the mouse is given in 
Table IT. The tissues were taken from normal animals of the same 


Taste II. Analysis of Normal Mouse Tienes 


% 
A 
HO% 
Tissue Dried tissue Fresh tissue 

Liver 72:3* 5°25 1-4 
Muscle (skeletal) . T5-8T 49 1-2 

Heart 17-9 49 1-1 

Kidney 11-2 60 1-4 

Speen 19 16 
Testis ae 83-0 7-5 13 


* Individual estimations varied from 73-6%, to 71-2%». 
Individual estimations varied from 77-74), to 
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age, isin eight weeks, as those used for esaheglendibhions The animals 
had been kept in the laboratory for at least a month. With such 
animals which are kept under good and equal nutritional conditions 
the water content in different individuals is fairly constant for most 
tissues except the liver and skeletal muscle, where considerable variations 
- occur. The figures given in the body of Table II represent. therefore 
averages of four or six estimations for each tissue. In the case of the 
liver and skeletal muscle the extremes of the individual estimations 
are also given for the reasons just stated. The values obtained for 
normal tissues of the mouse agree well with the results obtained by 
Medigraceanu() i in this laboratory. According to the same author 
_ there is no essential difference between normal animals and tumour- 
_ bearing animals of the same age as regards the water content of 
normal tissues, provided of course that accidental factors such as 
sepsis, cachexia, etc., were excluded. The liver, however, forms an 
exception as it has a slightly higher water content in tumour-bearing 
animals. The water content of tumours was not een by 
Medigraceanu. 

Inspection of Tables I and II shows: 

1. Differences between different tumour strains. The highest water 

content (about 83-84-5 %/,) is exhibited by the rapidly growing strains, — 
Jensen, 292, 206, while the lowest water content (79-80°/,) is shown 
by the slowly growing strain 72. Next in order to strain 72 as regards — 
the water content comes strain 155 (80-81-5°/,), which also. grows very 
_ slowly, and strain 27 with a water percentage of 79-1 to 81-7. An 
intermediate-position is taken by strain T (about 81-82°/, H,O) and 
the more quickly growing strain 63 (about 82-83°/, H,0). 
a Differences between the water content of different normal tissues. 
These require no further comment beyond emphasising the exceptional 
position of the testis, the water content of which is very much higher — 
than that of any other normal tissues. 

3. the water content of normal tissues. on the 
one hand and the various carcinomata on the other hand. If we except 
the testis, the water content of all the tumours is above that of the 
normal tissues, the lowest values of the slowly growing tumour strains 
just approaching the water content of the spleen (79°/,). The water 
content of the testis (83°/,) is above that of the slowly growing strains 
and is about equal to that of strains with a fairly rapid rate of growth 
such as strains 63 and Jensen. 

4. Differences between the water contents of tumours belonging to 
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the same strain. There are minor differences superimposed upon the 
more marked differences existing between strains with very different 
rates of growth. These minor differences are due partly to the fallacy 
introduced by the varying amount of necrosis to which reference has 
already been made. They may, however, be related to other factors. 
As has been shown in communications from this laboratory certain 
tumour strains (Jensen and 292 for instance) show considerable fluctua- 
tions in their rate of growth at different times. Again there are some- 
times differences in the rate of growth even between different individual 
tumours of the same generation. How far these minor differences 
are related to differences in the rate of growth has not been investigated 
in detail, since a clearer relationship between these two phenomena 
can be established by comparing the behaviour of strains as a whole. 
But as far as these observations go it can be said that these minor 
fluctuations in water content run parallel with fluctuations in the rate 
of growth in the same strain (compare, for instance, Jensen 283 A and — 
284 A with Jensen 243 D and 280 A) or even in the. same generation 
(see for instance the three tumours of strain 206, generation 173 B). © 
This point comes out even more clearly in the second series of obser- 
vations and will be referred to there. : 
_ In the preceding pages we have spoken of the rate of growth of 
different tumours, and in doing so the size or weight of a tumour has 
been taken as the measure of its rate of growth, as is usually done in 
experimental cancer research. As a rough indication, this method is 
adequate. But for a more exact comparison a number of factors 
which give rise to fallacies must be excluded. If a neoplasm consisted 
only of a solid group of cells which continued to multiply, then the 
weight or size of the tumour at any given time would be a true indication 
of its rate of growth. But some tumours grow in cysts, others grow 
not only by multiplication of cells but also by deposition of material 
(fibres, mucin cartilage) between the cells (e.g. many sarcomata), or of 
fat within the cells (e.g. lipomata). In such cases increase in weight 
or size is not a true measure of growth!. Such tumours have therefore 
+ A detailed discussion of this point would go beyond the scope of this paper. It 
can only be indicated here that, from the point of view of the mechanism of growth, 
a distinction must be drawn between two types of growth. In the one represented by 
the growth of solid carcinomata, and, in the case of normal tissues, of organs such as 
the testis or lymph nodes, there is a new formation of living protoplasm in the cell which — 
leads to the new formation of living cells. In the other case represented by the growth 
of connective tissue tumours and of normal tissues such as bone and cartilage this process 
of the new formation of living cells is accompanied and complicated by a process akin | 
to secretion, which leads to the deposition of material between the newly-formed cells. 
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been excluded from our observations which refer only to solidly growing 


adenocarcinomata of the mouse. But there is another factor which 
introduces an error, namely the occurrence of necrosis. If we find, 


_ for instance, that two different tumours have reached the weight of 


2.grms. within 20 days from an initial dose of 2 centigrms. we can 
conclude that these tumours have the same rate of growth provided 
that both tumours are free from necrosis. If one of them was markedly 
necrotic, the weight would cease to be an accurate means of compari 

the rate of growth of these tumours and one would have to conclude 
that the necrotic tumour must have a greater rate of growth than the 
non-necrotic tumour, without however being able to make a numerical 
comparison, since in the former only the remaining healthy fraction of 
tumour cells continues to build up new protoplasm while in the latter 


all the cells do so. 


In order to obtain results capable of a numerical comparison a 
second series of observations was carried out with the same strains 
of tumours. In this series the difficulties and fallacies referred to 
above were avoided or excluded by adopting the following plan. In 
each strain several tumours of about the same size and the same age 
after transplantation were used so that average values could be caleu- 


lated. In order to avoid necrosis the tumours were taken as soon as 
possible after transplantation, whenever they had formed sufficient 


tissue for an analysis. This would require about 14 days in the rapidly 
growing strains (292, J, 63), and from three to four weeks in the strains 
of slower growth (T, 27, 72). Under these conditions it is possible to 
deduce the relative rate of growth in the case of the rapidly growing 
strains directly from the weight of the tumours. But it is not possible 


to compare directly the quickly growing strains with the slowly growing 
_ strains in this way, as the tumours of the latter strains had to be allowed 


to grow at least one or two weeks longer. The relative rates of growth 
of the various strains were therefore determined by taking the average 
square sizes of all the tumours as obtained by charting at the same 
period after transplantation (12 days). 

The results obtained in this second series are given in Table IIT. 
The figures given there under the heading “growth index” indicate 
the average of the relative sizes of the tumours, using an arbitrary 


- unit asthe measure. That this is a fairly accurate method of comparing 


the rate of growth is shown by a comparison of the growth index thus 


obtained with the average weights in the case of the quickly growing 
tumour. They will be found to vary in about the same ratio, except 
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Tantu IIL Analysis of Mouse Carcinomata. IT series. 


Weight of Ash 
tumours in 


calculated for 
Tumour grammes 
15 84-7 53 «0-81 
292 13 18 «#42 «6860 
2-9 85-3 59 087 
1-7 68 0-99 
83 
(a) 283 A 14 35 209 2 &3 88 
09 
10 84-5 
2-0 84-4 
9 12 
13 10 15 82 
19 84-4 
10 84-7 
joe 
0-4 83-1 | 
63 121B 13 06 O47 37 834 836 
0-4 84-4 78 12 
06 83-9 
0-4 84-2 
(a) 709A 2 O08 0885 15 827 828 
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in the case of strain 292 where the weight of the tumours gives a higher 
rate of growth than is indicated by the figure given under “growth 
index.’ No reference is made to necrosis in Table III because under 
the conditions adopted this factor is negligible. The table also 
contains analyses of the ash of the various tumour strains. This will 
be referred to later. ; | 

The results obtained in this second series of observations which 
confirm those of the first series can be expressed graphically (see Fig. 2). 
This figure shows at a glance the parallelism which exists between the 
rate of growth of the various tumour strains and the respective water 
content of the protoplasm of the tumour cells. It shows also that 
such a parallelism exists even in different generations of one and the 
same strain, whenever these different generations exhibit differences 
in their rate of growth. In representing graphically the differences 
in the water content of the protoplasm of normal tissues the figure 
further demonstrates very clearly the exceptionally high water content 
of the testis which approaches that of a rapidly growing neoplasm, 
while the spleen approaches in this respect a slowly growing tumour 
and the other normal tissues fall below that level. No attempt has 
been made to compare the relative rate of growth of these normal 


organs as such a comparison could only be made by determining the 
mitotic index for the various tissues. Our knowledge of the function 


of the testis and of its histological appearance is sufficient to establish 
it as the normal tissue which is par excellence the normal organ of growth. 
It is an interesting fact that the cells which are most susceptible 
to the action of X-rays and radium are those that are richest in water. 
This is especially striking when one considers the normal tissues, where 
the spleen and the testis take such an exceptional position with regard — 
to their susceptibility to the influence of these agents, This correlation — 
suggests that the sensitiveness of a cell to these rays is dependent on 
the water content of its protoplasm, and since water is known to be _ 
a good absorbent for X-rays and radium rays it is easy to see why 
that should be so. From this point of view a systematic investigation 
of the absorbent power of the various tissues would be of interest. 
Ash of normal and cancerous tissues. The factors which determine 
the water content of the cell are so far as is known the osmotic force 
exerted chiefly by the inorganic salts, and the force of imbibition of 
the colloid constituents of protoplasm. The differences in the water 
content of the various tissues which have been observed may therefore 
be due to changes in these two factors acting either separately or 
22—2 
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_ Fig. 2. The left half represents graphically the relative rate of growth (black columns), — 


given in Table IL. For further 


to strains “J,” “T” and “27” indicate two different generations in each of these 
strains. The right half of the figure represents the water content (light columns) 


and ash content of normal tissues of the mouse as 


to different tumour strains as given in Table III. The letters “a” and “b” applied 
explanations see text. 


the water content (light columns) and the ash content of cancerous cells belonging 
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conjointly: 
content of protoplasm it might lead to an inflow of water into the cell. 
If the facts deseribed in this communication were explicable on this 
basis one would expect to find a relatively high salt content in the dried 
_ material obtained from rapidly growing cells and one should be able 
to establish a parallelism between the salt content of dried tissues 
and their rate of growth. It seemed of interest, therefore, to determine 
the ash content of the dried tissues. The ash contains, of course, 
in addition to the’ preformed inorganic salts of protoplasm also the 
oxidised inorganic elements which were present in protoplasm in 
organic combination, more particularly phosphoric acid derived from 
the phosphorus of the nucleo-proteins and of the phosphorised fats. 
Variation in the amount of nucleo-proteins will therefore produce 
variations in this amount of ash apart from differences due to preformed 
inorganic salts. For this reason the ash from tissues such as skeletal 
muscle or heart muscle which are relatively poor in nuclei and rich 
in cytoplasm is not directly comparable as a measure of the inorganic 
salts to the ash of glandular tissues such as the liver or kidney. The 
same factor will operate in the opposite direction in the case of a tissue 
like the spleen, where the cells are composed almost entirely of dense 
nuclei with comparatively little cytoplasm. It is in accordance with 
this a priors consideration that we find the lowest ash percentage in 
muscle and heart and the highest in the spleen. But this factor is not — 
likely to produce great differences in the ash content of the various 
adenocarcinomata which have been considered, so that there it may 
be taken as an indication of the differences-in the amount. of inorganic 
salts present. 

The ash estimations were carried out by incinerating the dried 
material in flat silica capsules, first over a flame and then over a blow- 
pipe until all visible carbon particles had disappeared. Heating was 
then continued until constant weight was obtained. The amount of 
ash obtained from 0-5-1-0 g. of fresh tissue is so small that in most 
cases the dried material from two or three estimations of the water 
content of the individual tumours had to be combined. The results 
(see Table III) show that the ash percentage of the dried material — 
fluctuates irregularly in the different tumour strains and sometimes 
shows considerable variations even in different tumours of the same 
generation. There is therefore no indication of a parallelism between 
the ash content of the dried tissue and the rate of growth. One may 
conclude then that the greater water content of the rapidly growing 
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tumours is not due entirely, if at all, to a primary concentration within 
the cell’ of inorganic salts. The ash content of the fresh tissues has 
been calculated from these results and represented graphically in 
Fig. 2. It shows similar fluctuations which cannot at present be 
interpreted without an actual estimation of the individual —— 
salts present in the ash. 


‘Summary ConciusIons. 


1, The water content of different tissues, both normal and can-— 
cerous, varies with their rate of growth, It is highest in rapidly growing 
tissues, lowest in slowly growing tissues. This means that rapidly 
growing cells have the property of building up protoplasm with relatively 
less of the complex organic substances such as proteins, lipoids, etc., 
and relatively more water. This property is in itself an explanation of 
the biochemical mechanism of growth. — 

2. The variations in the water content of cells differing in their . 
rate of growth are one to differences in imbibition. 
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QBSERVATIONS ON DENERVATED MUSCLE’. 
J. N. LANGLEY, F.RS. 


(From the Physiological Laboratory, Cambridge.) 


_ In a Paper published not long since, some observations were sien’ 
by Professor Kato* and myself on the effect of electrical stimulation 
on denervated muscle in rabbits. The experiments were not numerous 
enough to give decisive results, but so far as they went they were in 
general accord with the result. deduced from observations clinically 
obtained in man. They tended to show that stimulation with condenser 
shocks delayed the atrophy, that rhythmic extension and flexion had 
 @ similar but less effect. The stimulation did not prevent fibrillation 
nor the sluggish con**sction characteristic of denervated muscle. In 
these experiments the maximum degree of stimulation corresponded 
approximately to that commonly given in cases of paralysed muscles 
in man, viz. 200 condenser shocks each day, in the other three cases 
the degree of stimulation was less. The extent of the daily contraction 
thus produced is obviously very much less than that which occurs in 
- normal muscles in life. A walk of 200 yards would cause more than 
200 contractions in the leg muscles, and each of these would be a short 
- tetanus, whilst the contractions with condenser shocks are single con- 
tractions and moreover in all probability do not involve the deeper 
muscle fibres. It is well known in man that electrical stimulation of 
muscle, in the extent to which it is carried on, does not prevent the 
wasting of denervated muscle though it is generally held to delay it. 
_ If the atrophy is simply a “ disuse atrophy ” caused by absence of con- 
“traction it cannot be expected to be prevented unless the degree of 
contraction is something like that which takes place in the normal 
muscle. In view of this I have tried the effect of more prolonged 
stimulation by electrical currents and more prolonged — move- 
ments. 
The plan of the experiment was to cut the nerves on both sides, 
to subject the denervated muscle on one side to treatment, and at the 
1 Some of the points dealt with in this account I have touched on in a short paper in 


the Lancet, 191, p. 6. July 1, 1916. 
Langley and Kato. This Journal, x11x. p. 432. 1915. 
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end of  certaip time to note the difference in the weight and other 
conditions of the muscles of the two sides. In such experiments there 


are several sources of error in determining accurately the weight of the - 


muscles at the end of the period of stimulation. (a) The muscle must 


be carefully dissected out, and to do this takes time, and in consequence 


there is evaporation from the surface of the muscles and some loss of 
weight. I have equalised this as far as possible by dissecting in stages 
go that each pair of muscles was exposed to the air for an approximately 
equal time. Each muscle as soon as it was removed was weighed by 
an assistant. (b) It is not easy to clear the muscles from other tissue 
to exactly the same extent, nor to cut the tendons in exactly corre- 
sponding positions, without unduly exposing them, nor to separate 
muscles in exactly the same way when they are closely attached 
to bone. (c) Before: the animal was killed, observations were 

made on the irritability of the muscles, the denervated muscle was 
stimulated for a somewhat longer period and was somewhat more 


exposed than the normal may have caused slight 


difference in weight. 

These sources of error are Same probably small, especially in the 
case of the larger muscles. A more important cause of difference in 
the weight of the muscles at death is I think a normal and variable 
difference in weight at the beginning of the experiment. It is true 


that Debedat (op. cit. infra) found in a month old rabbit that the 


biceps femoris, the semi-membranosus, and the semi-tendinosus on 
the two sides were of exactly the same weight. But supposing this 


result is confirmed by further observations it does not preclude an 
unequal development of the muscles in half-grown and adult animals. 


In order to form an estimate of the extent of the various sources of error 
I have weighed the muscles of normal animals, dissecting them out in 
the same way as in the experimental animals. The results are given 
in Table I. In this table the weight of each muscle on the left side 


is given. Taking this as standard the excess or deficit in weight of : 


__ the corresponding muscle on the right side is given. The difference is 
reckoned as the percentage difference of the muscles on the right side 
from those on the left. 

These observations show that by the method elected there may 
be a difference of nearly 7 p.c. in the weight of the muscles on the two 
sides; but a difference to this extent only occurred in two out of 16 


cases. It is of course possible that in individual cases there may be 


a wider difference. In the experiments of Prof, Kato and myself 


on: the 
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DENERVATED MUSCLE. 
Weight grams of muscles on the tao vides im nagmal rabbit 
No. 1 No, 2. Weight 2-3 kilos. No. 3° Weight 2-1 kilos. 
inane | th ame | imum 
Gastrocnemins and 1102 -08 | 916 +33 +36 | 9665 --200 -21 


— | 282 +02 +407 | 2705 -090 -33 


Extensor dig. ped. 26 +06 +23 | 202 -04 -19 | 1005 +050 426 — a 
comm. 
Peroneii — |; OL +13 +68 | 1565 -040 -26 


_ lighter than in No. 2. 


two sides were weighed in 12 cases; in eight of these the difference in 
weight was less than 2-7 p.c., in two only greater than 6-3 p.c., but in — 
one of these it was 12 p.c. 
We may now consider the effect of treatment. The first question 
‘to decide was its daily duration. It seemed to me that 1 to 2 hrs. 
would be adequate to produce a decided effect on the theory of disuse 
atrophy, and that this duration would not be sufficient to cause fatigue, 
since an animal can, without fatigue, take daily active exercise for 
- much longer than 2 hours. The electrical stimulation was, then, carried 
on for 24 hours daily. Since the electrodes were shifted about on the 
skin surface, no muscle was stimulated for the whole of the time. 
Judging from the position of the electrodes, the movements obtained, 
and the hardening of the muscles, the order of degree of stimulation 
was: the gastrocnemius (about 2 hours), then the tibialis anticus and 
extensor dig. ped. comm., much less frequently the more superficial 
peroneal muscles, and only occasionally the flexors. izes q 
f In order to compare the effect of passive movement with that of. a 
i the active movement produced by electrical stimulation, the leg of 4 
y another operated rabbit was alternately flexed and extended for 2} hours 
-aday, In doing this, the foot was held, the leg extended and then pressed — 
back against the body to the fully flexed position. : 
Nov. 29. The internal and external. popliteal nerves cut on both sides in two adult 
rabbits under ether. The animals were in good health throughout. 
Exp. 1. ~ Stimulation with condenser shocks on the right side was begun on the following — 
day for 2} hrs., and continued each day till Dec. 20. On Dec. 21 stimulation for 1 hour. 
Ve The stimulation was generally for three periods during the day, sometimes only for two A 
| at 9 a.m. and 3 p.m. The electrodes were round and covered with chamois leather, one q 
- about $ om. in diameter, the other about 3om.; they were moved about for part of the 4 
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time on the moistened skin surface; for part of the time the smaller electrode was 
pushed down on the medial surface of gastrocnemius, slightly moved at intervals, whilst 
the larger electrode was placed on the outer part of the gastrocnemius or on the outer 
part of the shin. The direction of the current was reversed at short intervals. A Lewis 
— Jones condenser apparatus was used, 100 volts; the currents in the first week were generally 
-025—062 microfarads, later -05--08 mf, Slight contraction could be obtained up to the 
last day with -025 mf. The shocks were at the rate of 36 a min. 

Deo, 21. Animal anesthetised with chloroform, then with a.c.x. and urethane. On 
the left side the fibrillation was very active; on the right (stimulated) side it was slower, 


but the separate contractions apparently stronger. Condenser shocks, -016 mf. with both _ 


electrodes on the exposed muscle caused weak contraction only in the left gastrocnemius or 
tibialis anticus, but obvious contraction on the right; shocks of -025 mf. caused contraction 


in both muscles but stronger on the right. Single induction shocks just felt to the tongue 


caused local contraction on both sides (the threshold stimulus was not determined), but 
much less than in the biceps femoris and sémi-membranosus. The injection of 3.0.c. of — 
5 p.c. CaCl, into the jugular vein decreased the fibrillation especially on the right side; 
an additional 3 c.c. caused a further decrease. The animal was bled and the muscles 
cut out. They were kindly weighed for me by Mr Winfield as soon as they were removed 
from the body. 

Exp. 2. Extension and flexion began on the day following the operation and con- 
tinued for 2} hours a day till Dec. 22 inclusive. Rate of complete flexion and extension — 
about 30 3 minute. On Dec. 23 flexion and extension for 1 hour. : 

Deo, 23. Animal anwsthetised asin Exp. 1. There was little difference in the fibrilla- 
tion on the two sides, but it was possibly a little more active on the right side. Condenser 
currents -016 mf. caused contraction on both sides when the rounded electrodes just 
touched the muscle, but not when pressed on the muscle, i.e. when the current density 
was decreased. With platinum electrodes, single induction shocks not felt on the tongue 
caused local contraction, no difference in the threshold was found on the two sides. With 
the large electrodes, the threshold for single induction shocks appeared to be a trifle 
lower on the right side. Warm 5 p.c. calcium chloride in Ringer’s fluid, applied to the 
surface of the right gastrocnemius, nearly stopped its fibrillation. Injection of 3 c.c. 
5 p.c. calcium chloride stopped the fibrillation on the right side and nearly stopped it 
on the left side. Injection of another 3 ¢.c. did. not completely stop the fibrillation on 
the left side. Animal bled and muscles cut out and weighed. 


It is clear from the results given in Table II, that neither electrical 
stimulation nor passive movement had any definite effect in preventing 
loss of weight. The difference in the weight of the muscles on the two 
sides, though greater in a few cases than in the control animals (Table I), 
is not so much greater as to give any certainty that it was due to the 
treatment. Moreover in Exp. 1 the increase or decrease in weight 
bears no relation to the degree of stimulation, and in Exp. 2 it bears 
no relation to the degree of extension and flexion. In Exp. 1, there 
was contraction in some part or other of the gastrocnemius muscle 
about 4000 times a day; the extensor dig. I and popliteal were probably 
not made to contract at all, and the other muscles a very unequal 
number of times. If contraction were sufficient in itself to prevent 
muscular wasting, one or other of the muscles should have lost weight 
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much less than the corresponding muscle of the opposite side, As 
this did not occur, it may fairly be concluded that the atrophy of 
denervated muscle is not due to the absence of contraction. It does 


Taste II. Effect of electrical stimulation and of passive movement on 


Exp. 1 Exp. 2 
Weight at beginning 3-05 kilos. 2-55 kilos. 
Weight at end 3-25 ,, 288 ,, 
Nerves cut both sides 21 days. Electrical Nerves cut both sides 23 days. 
stimulation on right side. _ Fiexion and extension on right side. 


The weights of the muscles are given in grams. 

| side right olde | Left side right 
Gastrocnemius and soleus ... 977 +48 +49 678 +42 +62 
Flexor dig. ped. comm. ... 348 -89 276 +33 
Extensor dig. I and popliteal 146 -<025 -20 1-30 0 0 


8038 -23 244 --23 94 
Peroneii 


2-17 — +145 -62 1-43 


not sons follow thet stimulating denervated muscle may not have 
a slight beneficial effect. In Exp. 1 the stimulated gastrocnemius 
seemed to be distinctly (though not greatly) more irritable than the 
unstimulated one. 
Observations on the results following section of spinal cord in animals 
and clinical observations in man show that unused muscles decrease 
in weight; this is no doubt a true disuse atrophy but the process I 
consider is too slow to be of appreciable effect on the rapid loss of 


_ weight which follows denervation. 


» Experiments on the effect of electrical stimulation on the weight of normal muscles 


| have been made by Debedat and Bordier. Debedat' experimented on five rabbits 


one month old and of the same litter. On one side the posterior thigh muscles were 
stimulated through the skin for four mins. daily, 30 times a minute. The kind of 
stimulation varied in the different cases. At the end of 20 days the muscles on the two 


_ sides were weighed, Debedat found an increase in weight on the stimulated side and a 


 S0-4p.c. 18 p.c. 
Semi-tendinosus 50-0 ,, 23 
Semi-membranosus 15-4 ,, 16 


¥ Bordier’s* experiments were made on man. He stimulated on one side the muscles 
of the upper arm with galvano-faradic currents. The stimulation was for alternate 
30 secs. for 10 mins. three times a week for a month. ee ee 
of the arm was appreciably increased. | 


1 Debedat. Arch. d' Mle, Méd. u. p. 100. 1804, 
* Bordier. Ibid. x. p, 331. 1892. 


e 
BAS 
4 
= 
J 
A 
fy 
¢ 
* 
ay 
oe 
i 
, 
} 


Whilst both sete of experiments tend to show that. stimulation of normal muscles — 
~ causes an increase in their weight, the results cannot I think be transferred to denervated 
muscles; further the additional contraction caused by stimulation must have been slight 
compared to the normal contraction so that it is difficult to refer the effect to the oon- 


traction itself. 


Since the atrophy is not due to absence of contraction, 4.6. is not — 
a disuse atrophy in the ordinary meaning of the term, we have to 
consider to what other cause it may be due. There are three possi- 
bilities : 

i. The theory that nutrition (assimilation and dissimilation) is 
directly affected by nervous impulses has long been a subject for dis- 
cussion. In its later development it has two forms, one that nutrition 
is influenced by a special class of nerve fibres and the other that it is 
influenced by a special kind of nerve impulse in the common nerve 
fibres. As regards muscle, there is no independent evidence of a special 
nutritive class of nerve fibres, and the work on the characters of the 
nervous impulse does not suggest the existence of impulses of more — 
than one kind. In consequence the theory of nutritive nerve impulses 
is hardly likely to be seriously considered until all other ways of 
explaining the atrophy have been disproved. 

ii. The question of the continuity or discontinuity of nerve ina 
muscle fibres has also long been discussed. If there were continuity, 
the nerve might have a direct nutritive action on the muscle by chemical 
interchange, of a somewhat similar nature to that which occurs between 
the nucleus (or body) of a nerve cell and its axon. I may incidentally 
point out that on the theory of continuity we might—on the lines of 
Nernst’s theory of excitation—refer inhibition to discontinuity since 
the ions accumulating at the membrane would be of opposite sign in 
the two cases. But the histological evidence is now almost universally 
considered as against the theory of continuity, and until further evidence 
is forthcoming we must look for some other cause of the atrophy than 
a chemical interchange between nerve and muscle. | 

iii. A third possibility is that the atrophy is due to the continuous 
fibrillation which occurs in denervated muscle. The fibrillation was 
noted recently by Prof. Kato and myself (op. cit. supra) and we referred 
to Schiff’s oft-quoted discovery of this in the muscles of the tongue 
_ after section of the hypoglossal nerve. I have since then looked up 
Schiff’s original paper in 18511, and find that he gave a fairly complete 
account of the phenomenon. He described fibrillation in the muscles 
_ of the foot after section of the sciatic nerve, and oscillation of the large 

supra-ciliary hairs of the rabbit after section of the facial nerve. He 


1 Schiff. Arch. f. physiol. Heilk. x. p. 587. 1851; and Ibid, p. 665. — 
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f concluded that fibrillation was a general phenomenon in muscle after 
ae peu ion, and he stated that after regeneration of the nerve the 


active, Schiff attributed the fibrillation—as all quick contraction—to nerve action. 
He considered that muscle itself was irritable, di 
_slow and prolonged contraction. 

Rogovicz in 1885 confirmed Schiff’s result of the occurrence of fibrillation on 


section of the facial nerve, and described it in the sterno-mastoid after section of the 


spinal accessory. Further results were given by Schiff in 1892. These papers deal 
chiefly with “ pseudomotor”’ action and I shall discuss them in a later paper on this question. 


Since the separate muscle fibres are in rapid continuous rhythmic 


contraction, the total daily expenditure of energy must be considerable 

and it seems probable that the brief intervals between the contractions 
are insufficient to allow the wasting to be made good. 

The change in the reaction of muscle which occurs after denervation 

is in most respects at any rate like that which occurs in progressive 

~ fatigue. The irritability to currents of very short duration decreases, 


is very greatly prolonged. I may remark that in physiological ‘experi- 
ments it has frequently been noticed that denervated muscle still 
responds to faradic currents. In my own experiments the decrease 


the stage of ceasing to contract with any stimulus by the time it ceased 
to respond to faradic currents provided they are sufficiently strong. 
If small pointed platinum electrodes are employed and placed direct 
on the muscle, induction currents not or barely felt on the tongue will 
cause contraction in a denervated muscle which has lost 50 p.c. of 
its weight. The contraction is of course confined to a few fibres. The 
minimal contraction is best seen by viewing the muscle by light reflected 


from its surface. The current causing the minimal contraction varies — 


‘somewhat according to the position of the electrodes on the muscle 
fibres; probably because the neural region—as in the frog—is more 
irritable than the non-neural region. 

Barcroft and Kato! have shown that the specific gravity of 
fatigued muscle is less than that of unfatigued. In the experiments 


(with plantaris) on the two sides; gr. was less on 
the denervated side. _ 


1 Baroroft and Kato. Phil. Trans. (London), B. 207, p. 164. 1915. 


the period of shortening becomes greater, and the period of relaxation 


in irritability to single induction shocks and to tetanising currents has 
been slow and gradual, and I think that muscle would be very near 


mentioned in Table III, I determined the sp. gr. of the gastrocnemius — 
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In Exp. 3 the sp. gr. was determined,immediately after the removal of the muscles 
from the body. On the normal side it was 1074, on the denervated 1064. In the other — : 
cases the sp. gr. was not determined at once, and the muscles, though covered up in small : 
glass vessels, had lost weight by evaporation; the results however were practically the E 
same. 

Two other facts may be quoted as prima facie in favour of the fatigue 
theory, though further investigation of them is necessary. (a) The € 
only other peripheral tissue which loses weight rapidly after section 
of its nerves is that of the salivary glands and in these the atrophy is 
accompanied by a continuous secretion. (6) In the frog, denervated 
muscle does not as a rule obviously diminish in size, and fibrillation, 
in the considerable number of cases in which I have looked for it, did’ 

‘not occur. Hofmann? noticed fibrillation in the denervated muscle 
of the toad, but not in that of the frog. It would be interesting to see 
if there is a difference in the rate of atrophy in the two animals. 

It must however be mentioned that on the fatigue theory, the atrophy © 
of the muscle would be hastened by additional contraction, and that — 
in Exp. 1 in which there was additional contraction there was no | 
clear evidence that the atrophy was hastened. It is however possible 
that stimulation has a counterbalancing effect, either by a direct 
nutritive action on the muscle, or by the conséquent contraction 
_ driving on metabolites. — 

If the wasting is due to over-activity, the method of treatment — 

is obviously to reduce the activity. In the protocols of the experiments 
given above, I have mentioned that calcium chloride solution applied 
locally, or injected into the circulation, decreased or stopped the fibrilla- 
tion. It was therefore desirable to determine whether a soluble calcium 
salt given with the food would lessen the fibrillation and reduce the 
atrophy. Cats were taken for the experiments since the calcium could — 
readily be given in the milk. The internal popliteal nerve was cut on 
the left side in three cats. Two of these were given milk containing 
calcium lactate. The control cat, and one of those to which calcium 
lactate had been given, were killed after about three weeks, and the | 
muscles on the two sides compared. The third cat was left for two 
months. The animals thrived and at no time was there any indication - 
of disturbance of nutrition. | 

Each cat was given 75 to 1000.0. of milk morning and evening. An hour or two 

after the morning milk, fish or meat was given. The whole of the milk was not always 


1 Cp. Langley. This Journal, xxxvu. p. 289. I have since found, in one out of 
a number of cases, a considerable decrease in denervated frog’s muscle. This was in 
the gastrocnemius 95 days after nerve section. The denervated muscle weighed 190 mgms., 
the muscle of the opposite side 280 mgms. 

* Hofmann. Arch. f. exp, Path. u. Pharm. txv. p. 12. 1911. 
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taken, the amount left.was measured. At the end of the period, the animal was anwxs- a 
thetised, the irritability of the gastrocnemius on the two sides compared and some other = 
> observations which it is unnecessary to mention here. 4 
; Exp. 1. Control. Left internal pop. n. cut 27 days. Animal anesthetised. Left 3 

musole in active fibrillation, injection of 30.0. CaCl stopped the fibrillation in about q 
45 seos., this effect lasted for 10 mins. when other drugs were injected. . { 
eo - Exp. 2. Left int. pop. n. cut 25 days, Administration of calcium lactate in milk 
after first two days; average daily amount taken 570 mgms., at end of period, anzs- 
thetised; left gastrocnemius in active fibrillation. Injected into jugular vein 3 c.0. 
5 p.c. CaCl,, fibrillation nearly stopped in 45 secs. (the duration of this effect was not | ‘ 
observed, other- drugs were injected and the fibrillation began again). ee ' 

Exp. 3. Left int. pop. n. cut 60 days. Administration of calcium lactate after first_ 
‘a two days; daily amount taken irregular, on average 355 mgms. daily. On 9th day 
= cat had kitten, which flourished. At the end of the period there were signs of some 
ré return of voluntary power. The animal was anesthetised. The left gastrocnemius 
much redder than right; fibrillation considerably less than in the other animals but 
individual contractions rather stronger. The central end of the internal popliteal nerve — 
was found to be joined to the peripheral end by a swelling (neurome) about °5 om. long, 
tie and cut the nerve above the neurome and isolate it; stimulation above the neurome 
with secondary coil at 20 cm. (current not felt on tongue) caused backward movement of 
foot, flexion of toes and an obvious contraction of the gastrocnemius. Stimulation of the 
nerve below the neurome with the same currents caused a trace of movement only in the 
outer part of the gastrocnemius. Stimulation below the neurome with sec. coil at 10 caused 
good contraction of the gastrocnemius but no flexion of the toes, this current above the _  - 
neurome caused stronger contraction, flexion of foot and protrusion of claws*. The nerve “ 
, branches to the soleus muscle were placed in osmic acid and teased, they contained pale ‘ 
band fibres, but no myelinated fibres. The nerve a little below the neurome contained _ 


Cate. Left internal popliteal nerve cut. ead 
; calcium lactate twice a day in milk. 


Exp. 1. Control Exp. 2. Calcium lactate Exp.3. Calcium lactate 
27 days days 60 days 
Body 2-00 kilos. 2°72 kilos. 2-42 kilos. 
Body weight at end of Exp. 2-65 
Diff. of Weight in Diff. of Weightin Diff. of 


Gastrocnemius and -47-7| 229 -12-44 -457 19986 -706 -35-4 


Soleus -174 | 28° -073 +260 | 1075-008 -13 
Flexor muscles 643-247 -455 | 744 -42:8 
Popliteal. 020 -0-400 -39-2 
Tbialis antion .. 335° -o21 -63 | 635 -028 -52 | 4375 -0085 -104 
Extensordig.comm. 205 -014 -68 | 291 -016 -655 | 2540 -0875 -14-76 
ped. 


1 Physostigmine had recovered its power of causing fascicular contractions in the 
gastrocnemius; this I shall refer to in a later paper on the action of drugs on nerve 
endings. 
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N, LANGLEY. 
A comparison of Rxps. 1 and 2 shows that the administration of : 


‘calcium lactate in the food did not delay the atrophy of the denervated 
~ muscles. But since at the time of death the muscles were in active 


fibrillation, the experiments are inconclusive as to the relation between 
fibrillation and atrophy. The absence of effect may have been due to 

imperfect absorption from the intestine, or to the excretion by the 
kidneys preventing sufficient accumulation of calcium salts in the blood. 


_ Farther experiments on the effect of giving calcium salts in the food 
_ would probably be best made on the tongue, in which the fibrillation 


could be observed from day to day; but it is possible that the intro- 
duction of Ca by ionisation may be more effective in stopping the 
fibrillation than giving it in the food. 
The regeneration in Exp. 3 was marked in 60 days although the 
central end of the nerve had to grow about -5 cm. before joining the © 
peripheral end; in the absence of comparative experiments it cannot 


ug howeves be said that the calcium feeding had anything to do with this 


rapid rate of regeneration. As is usual in regenerating nerve, the 
irritability to faradic currents was much greater centrally of the original 
point of section than peripherally of it; moreover the nana — ; 
were somewhat different. | | 


Suumary AND Conouusrons. 


Neither passive movement of denervated muscle, nor active move- 
ment caused by electrical stimulation, has any certain effect in delaying 
its loss of weight. 3 

The atrophy of denervated muscle is not a disuse atrophy i in the 
ordinary sense of the term, i.e. it is not due to absence of contraction. 

Since denervated muscle is in constant fibrillation, it is possible } 
that the atrophy is a fatigue atrophy. si 

_ The fibrillation is stopped, or nearly stopped, by local application 
and by venous injection of soluble calcium salts. 

Two experiments were made on the effect of adding calcium lactate 
to the food. In one, fed for 23 days, there was no delay in the muscle 
atrophy, but the fibrillation was still active. In the other, fed for 
60 days, considerable nerve regeneration occurred and some recovery — 
of muscle weight. At the time of death the fibrillation was less. active 
than in the other animals. 
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THE RECOVERY OF CONDUCTIVITY AND OF EX- 
 CYTABILITY IN NERVE. By E. D. ADRIAN, MB., 
Fellow of Trinity College, Cambridge. ’ 


Lucas? has shown that an electric current applied to a nerve fibre 
sets up the nervous impulse in the following way. The primary result - 
of the stimulus is to produce a local disturbance at the point stimulated. 
-If this local disturbance does not reach a sufficient intensity, no propa- 
gated disturbancé is set up; the nerve remains for a short time in a 
condition of increased local excitability and then returns to its normal — 


_ state. If the loeal change does reach the necessary intensity, some new _ 


_ mechanism is brought into play and a propagated disturbance travels 

down the nerve leaving the tissue through which it has passed in the 
. refractory condition. The existence of this new mechanism is inferred 
_. from the fact that the propagated disturbance is followed by the 

refractory state, whereas an inadequate local disturbance has an 

entirely different after effect, namely a period of increased excitability. _ 
It is seareely conceivable that a mere change in the intensity of the 
local disturbance should suffice to invert its after effects, and therefore 
we must suppose that. the propagated disturbance is qualitatively 
different from the local excitatory change. 

It is clear then that two theoretically separable mechanisms must — 
be intact if the stimulus is to be effective, the mechanism of local 
excitation and the mechanism of conduction. The local change must 
reach the intensity necessary to set up the propagated change, and 
the nerve must be capable of conduction at the moment when this 
intensity is reached. 

Now in the earliest stages of the refractory period the strongest 
stimulus is unable to set up a second propagated disturbance. This 
failure might be due to a temporary breakdown in the mechanism of 
local excitation following in the wake of the propagated disturbance, 
or to a temporary breakdown in the mechanism of conduction. How- 
__ ever there is enough evidence to show that both mechanisms are affected 


t Proc. Roy. Soc, B. uxxxv. p. 501. 1912. 
PH. L. 23 
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to some extent. In the first place the absolute refractory period, 
during which all stimuli are ineffective, is followed by the relative 
refractory period. During this period a very strong stimulus will 
succeed in setting up a propagated disturbance whilst a weaker stimulus 
will not do so even though it is several times the normal threshold 
strength. This can only mean either that the local excitatory disturb- 
ance must reach a greater intensity than usual before it can give rise 
to a propagated disturbance, or else that a stronger stimulus than usual — 
is needed to produce a local disturbance of normal intensity. In either | 
case there must be some alteration in the mechanism of local excitation. 
Again, during the relative refractory period, if a propagated disturbance 
is set up, it is found to be considerably smaller, ¢.¢. less able to conduct 
itself, than one set up in normal nerve*. Consequently the mechanism — 
of conduction must be affected as well. 

The temporary failure of both mechanisms may be seen bh a. 
study of the “recovery curve” of a muscle nerve preparation. This 
is ‘the curve relating the interval between two stimuli to the strength 
which the second stimulus must have if it is to produce a summated 
contraction in the muscle. Two distinct types of curve may be obtained 
and these are shown diagrammatically in Fig. 1, Aand B*. In Fig.1, A, — 


Strength of Second Stimulus 


Threshold 


tseces. A 
ak interval between Stimuli 


t'secs, 8 


Fig. 1. : 
the curve is continuous throughout its extent. At intervals shorter 
than ¢ secs. no stimulus is effective however strong it may be. As ~ 


1 Adrian. This Journal, p. 384. 1913. 
* Lucas and Adrian. Ibid, p. 68. 1912. 
* Adrian, loc. cit. 
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interval is increased very strong stimuli begin to produce a summated 
contraction and the necessary strength is reduced gradually as the 
interval is increased. In Fig. 1, B, the curve is discontinuous. When 
the interval is reduced to ¢’ secs. the curve turns vertically upwards 
and a further increase in the strength of the stimulus will not reduce 
the interval for summation. Below the point corresponding to. this 
_ interval the curve slopes downwards gradually as in Fig. 1, A. It las 
been shown that the sloping part of the curve is an expression of the 
gradual return of local excitability at the point stimulated. Its form 
depends on the condition of the nerve at this point and not on its 

condition elsewhere. Further, a stimulus which falls below this part 
_ of the curve is not only unable to affect the muscle, but also unable 
to set up @ propagated disturbance at the point stimulated. Thus 
_ in Fig. 1, A, which is the usual type met with in a fresh preparation at 
the same temperature throughout, the interval for muscular summation 
is determined entirely by the failure of local excitability. The vertical 
part of the curve in Fig. 1, B, has a different interpretation. Its 


_ presence is determined by anything which tends to slow the rate of 


recovery or to lower the conductivity in some region between the 
point stimulated and the muscle. In accordance with this we find 
that a stimulus which falls at a time earlier than ¢’ secs. may set up 
a propagated disturbance if it is strong enough, although this disturbance 
contraction. 

These curves show that both conductivity and assitebilibe are 
affected during the refractory period, and that in the earliest stages 
of the refractory period the nerve is both absolutely inexcitable to 
external stimuli and absolutely unable to conduct propagated disturb- — 
ances which were set up in some region where recovery was more rapid. 
Furthermore they show that at any one section of the nerve the local 
excitability cannot return before the conductivity; for if the section 
investigated is at a lower temperature than any other part of the nerve 
the recovery curve is always continuous and we never find the discon- 

tinuity which indicates the failure of conduction. 
However there is nothing to show that the conductivity and the 
excitability at a given point always return at the same moment. The 
excitability does not return before the conductivity, but it might return 
later. For instance if a portion of the nerve is cooled locally it might 
be possible for it to conduct a propagated disturbance, set up in a warmer | 
region, at a time when the cooled region was still absolutely inexcitable 
23—2 
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to external stimuli. It is of some interest to decide whether this is 


the case or not, since the answer will throw light on the nature of the 


process by which the propagated disturbance is conducted. 
According to one view conduction is due simply to a spread of the 
state of local excitation. The local change which is produced by an — 


adequate stimulus calls up a change of exactly the same nature in 


adjacent sections of the nerve fibre and this change spreads down the 
fibre and leads to the characteristic effects of the propagated disturbance. 
That the local change following an inadequate stimulus is qualitatively 
as well as quantitatively different from that following an adequate ~ 
stimulus is not inconsistent with this view, for we may suppose that 
an inadequate stimulus affects a preliminary mechanism only. The 
new process which is called into being by the local excitatory mechanism 
may spread into adjacent sections by exciting the same local mechanism 
just as an external stimulus excites it. If this view is correct it follows — 
that the excitability and conductivity of the nerve must be affected 
to the same degree during the refractory state. Ifa part of the nerve 
is inexcitable to external stimuli it will not be able to conduct a pro- — 
pagated disturbance, since the state of local excitation cannot be 
produced in this region and therefore cannot spread through it. Con- 
sequently both excitability and conductivity should return at the 


same moment. 


On the other hand it is possible that the mechanism of conduction 
may be totally distinct from that of local excitation, and in this case 


there is ‘no reason why the two functions should return together. It 


is quite possible that they might do so, because the propagated dis- 
turbance might react on the mechanism of local excitation in such a 
way that the temporary failure of the former would produce a temporary - 


- failure of the latter lasting for the same time and improving as soon 


as the conductivity began to improve. However it is equally possible 
that the mechanism of excitation might recover independently of that — 
of conduction. It has been shown that excitability does not return 
before conductivity begins to return at the same point, but it might 
return later. If this were the case we should have definite evidence 
against the theory that conduction is brought about by a spread of 


 Jocal excitation?!. 


In order to decide this question we must find come arrangement | 
which will allow a propagated disturbance to be set up and then 
_* The most recent development of this theory is that put forward by Lillie, Amer. 
Journ. Physiol. xxiv. p, 414. 1914, and xxxvm. p. 348.1915. 
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GQONDUCTIVITY AND BXCITABILITY. 
conducted into a section of nerve in which the refractory state is still 


great enough to prevent any external stimulus from taking effect. If the 


disturbance is able to pass through the inexcitable section, it is clear 
that the conduction must be brought about by some mechanism distinct 
from that which subserves the local excitation. On the other hand if 
the same mechanism is concerned in both excitation and conduction, 


_ @ propagated disturbance will not be able to pass through until the © 
_ section has recovered far enough to allow a strong external stimulus 


excite it successfully. 


The necessary conditions may be satisfied by setting up a propagated 
disturbance in a part of the nerve in which the temperature is raised 
and the refractory period of short duration, and allowing the disturbance 


to pass down the nerve into a section at a lower temperature where the 


refractory period is prolonged. The arrangement is shown diagram- 
matically in Fig. 2. The proximal part of the nerve is at a high tem- 


perature and may be stimulated at the point marked A; the distal 


part is cooled and may be stimulated at B. If two stimuli separated 


_ by @ short time interval are sent in at the point A, the first stimulus 
will produce a contraction in the muscle and will leave the nerve in. 


the refractory state. The interval between the stimuli necessary for 
the production of a summated contraction will be the interval at which 
the cooled section of the nerve must have recovered sufficiently to 


- aillow the passage of a second propagated disturbance. If both stimuli 


are sent in at B, the necessary interval will be that at which the 


_ yecovery has advanced sufficiently to allow the second stimulus to 


produce a successful local excitation. If the least interval for muscular 
summation with the stimuli at A is less than that with the stimuli at 
B, it would appear that the cooled part of the nerve is able to conduct 
the second propagated disturbance at a time when it is still inexcitable 
to external ‘stimuli. 

- The details of the experiment are described in the following section. 
_ Method. The experiments, which were carried out in July, 1914, 
were all made on the sciatic gastrocnemius preparation of the frog. 


. The — was set up in a vulcanite chamber fitted with the 
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slot electrodes devised by Keith Lucas’. The chamber was very 
nearly identical with that used by the writer for measuring the rate of 
conduction in narcotised nerve*® with some alterations to allow for the — 
is shown in Fig. 3. 


| 
i} 
7 
a _ The muscle lies under the surface of Ringer’s fluid in the recess M, the bone being © 
h pinned to the cork base of the recess and the tendon being attached to a thread which 
i) - passes out to the recording lever. The nerve lies in six holes drilled in the vuleanite block , 
i! and connected by narrow slots marked 1-6 in the diagram. The proximal part of the ; 
necve is perfused with Ringer's uid which enters the chamber by the tube 4 and 


leaves by B, the distal part by fluid entering by C and leaving by D. The slots marked | : 

1 and 4 are plugged by vaseline, after the nerve is in position, to prevent the fluid in the 4 

two perfusion systems mixing and. to avoid overflow into the muscle chamber. The | 

six holes are covered by a glass plate after they have been filled with Ringer’s fiuid, all 

air bubbles being excluded, so that the fluid in each of the holes is kept at a constant level. 

The temperature of the two portions of the nerve is recorded by two small thermometers 

T, and 7, with their bulbs in contact with the nerve. oe 

chamber is recorded by a third thermometer 7’. : 
Tho Ringer's ftuld entering the two eyatems was supplied’by Mariotto 

bottles. Oneof these was kept slightly above room temperature and supplied the proximal 

part of the nerve through the tube A. The other two were connected to the tube C; 

one stood in warm water and the other in a mixture of water and ice. By altering the 
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rates of flow from these two bottles the temperature of the peripheral part of the nerve 
could be kept constant over a fairly wide range. When the peripheral half was cooled, 
_ any tendency to loss of heat from the proximal half could be counteracted by increasing 
the rate of flow of the warm Ringer through the tube 4. Various simple modifications 
of this arrangement were made to enable the proximal half of the nerve to be cooled as 
well as the peripberal haif. 
The temperature of the fluid in the muscle chamber M didnot fall more than 2° C. 
when the peripheral half of the nerve was cooled to a very low temperature. As will -be 
seen hereafter there was no need to keep the temperature of the muscle absolutely 
The nerve was stimulated by means of small electrodes of nickel wire fastened to the 
side of each of the six holes and passing out through the ebonite block. When the 
_ current passed through the fluid from one nickel electrode to the next the lines of current 
flow were suddenly constricted in the region of the slot connecting the two holes, and 
the stimulus took effect at this point. The stimuli were derived from the break shocks 
of two coreless induction coils connected with the two keys of a Lucas pendulum. The 
_ Strength of the second stimulus was adjusted by a variable resistance in the primary 
circuit of the coil. | 


The experiment consists essentially in varying the temperature of 
the distal part of the nerve and measuring the least interval for muscular 
summation with the two stimuli applied (a) to the proximal, and (6) to 
the distal part of the nerve. However we must make certain that the 
. interval in case (a) does really depend on the rate of recovery of con- 
ductivity in the cooled section, and the interval in case (6) on the rate 
_ of recovery of excitability. For instance if the recovery of conductivity 
is slower in the nerve ending than anywhere else, the intervals for 
muscular summation in the two cases will be the same because they 
will both measure the same thing, 1.c. the least interval at which a 
second disturbance can pass the nerve ending. The same error may arise 
if the distal part of the nerve is not cooled evenly, for in this case the 
recovery of conductivity at some region between the seat of stimulation 
and the muscle may be slower than the recovery of excitability at the 
seat of stimulation, and again both intervals would agree because they 
would both depend on the recovery of conduction. Fortunately this 
fallacy can be avoided by determining the complete recovery curve 
instead of the least interval for muscular summation. If the curve in 
_ case (6) shows no discontinuity we may be certain that the least interval 
is determined by the recovery of excitability, and if the curve in case (a) 
has a discontinuity the interval in this case must depend on the recovery 
of conductivity in the cooled region. For this reason enough points 
on the curve were determined to make certain that there was a discon- 
tinuity in case (a) and none in case (5). 

_* The earlier experiments were carried out in the following order. 
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The sciatic gastrocnemius preparation was set up in the chamber and 
the perfusion systems were adjusted so that the whole of the nerve 


was at the same temperature. The threshold stimulus was then deter- 
mined with both coils connected to electrode 6 (Fig. 3). The strength — 
of the second stimulus was adjusted to be two or three times the threshold _ 


strength and the interval for muscular summation was determined. 
The strength was increased and the interval redetermined, and this 


_ ‘process was repeated until a further increase in strength produced 


no appreciable reduction in the interval for muscular summation. 


This gave the least interval for muscular summation with both stimuli — 
at the proximal electrode. The least interval for summation with both 


stimuli at electrode 8 was determined in the same way. As 4 rule 
the two intervals did not differ by more than -00008 sec. The next 


step consisted in cooling the distal part of the nerve whilst the proximal — 


part was maintained at its original temperature. As soon as a steady 
condition was reached the intervals for summation were redetermined 


in the same way, the strength of the second stimulus being varied so 
that the exact form of the recovery curve could be mapped out. The 


temperature of the distal part of the nerve was reduced still further 
and the determinations were repeated. Eventually the original tem- 
perature was restored and the intervals for summation were compared 
with those at the beginning of the experiment to detect any change 
in the condition of the preparation. : i 
_ Two examples of this type of experiment are given below. 


Taste I. 


| Exp. 1. Sciatic gastrocnemius preparation. Temperature of proximal 
an half = 20-4° C, throughout the experiment. 


Least interval for muscular 

Proximal half Distal half Differencein  Differencein 
(b) (a) (b) temperature intervals 
90 00340 ,, 00416 ,, 11-5 00076 ,, 
6-0 00744 ,, 00776 ., 14-5 00032 ,, 
150 00160 ,, 0224 ,, 55 00064 ,, 

_ Exp. 2. Temperature of proximal half = 20-7°C. throughout the experiment. 

00152 sec. ‘00152 sec, 0° ©, 0 nec. 

10-5 00320 00352 ,, 00032 ,, 
8-2 00440 ,, 00488 ,, 12-5 00048 
6-5 00592 ,, 00640 ,, “42 00048 
20°7 00160 (— 00008) ,, 
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Taste IL. id 
Ezp. 3. Temperature of proximal half = 20-5° C. throughout the experiment. 
Least interval for muscular | 
summation 
Dilated halt Differencein _Differencein. 
(b) (a) temperature intervals 
20-5° C. 00162 sec. 00144 sec. 0°C. (— 00008 sec.) 
18-6 00152 ,, 00168 ,, 20 00016 ,, 
170° 00162 .,, 00184 3-5 00032 ,, 
16-5 00152 00200 ,, 4-0 00048 
16-0 00162, 00208 ., 4-5 00066 ., 
158 00162 ,,. ‘00208 47 00056 
15-0 00152 ,, 00224 55 
140 00160 _—,, 00232 ,, 6-5 00072 ,, 
13-0 00206 ,, 7-5 
11-0 00264 ,, 00344 _,, 9-5 00080 ,, 
9-0 00392 00464 ,, 11-5 00072 ,, 
72 00520 ,, ~ 00502 ,, 00072 .,,. 
58 00680 ;, 00760 ,, 149 00080 ,, 
40 00856 ,, 00920 ., 16-5 00064, 


:  Exps. 1 and 2 are typical of five experiments of the same nature. 
In four of them no special precautions were adopted to keep the tem- 


perature of the muscle absolutely constant, and as a matter of fact the 
temperature of the fluid in the muscle chamber fell 2-3° C. when the 


— distal half of the nerve was cooled below 8°C. However this small 


change in the temperature was found to have no effect on the values 
of the intervals for summation; for when the distal part of the nerve 
was below 8° C. and the proximal in the region of 20° 0. the muscle 
could be heated to 25° or cooled to 15° without affecting the result 
in the least. Furthermore the experiment gave the same result when 
the temperature of the muscle was kept constant by perfusing Ringer’s — 
fluid through the muscle chamber. ; | 
Two conclusions may be drawn from these experiments. In the 
first place when the distal half of the nerve is at a lower temperature 
than the proximal, the interval for muscular summation is appreciably . 
shorter when the stimuli are applied to the proximal half (a) than it 


is when they are applied to the distal half (b). In the second place 


this difference is not increased as the temperature of the distal half 
is lowered. 
At first sight the difference between the two intervals might appear 


to be due to difficulties in measurement. The recovery curve is con- — 
tinuous in case (6) and discontinuous in case (a). Thus in case (a) 


the least interval for summation can be measured exactly because it 
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corresponds with the vertical part of the recovery curve, whereas in 


case (b) the curve is continuous and the least interval is really the 


asymptote of the curve. Thus to be strictly accurate the interval in 
case (b) should be measured with an infinitely strong second stimulus, 
and it is possible that the difference between the two cases would vanish 
if we could approximate more closely to the ideal value in case () 
by the use of very strong stimuli. However this possibility must be — 
set aside, for a consideration of the actual tecovery curves shows 
that there is still an appreciable difference in the intervals even when 
the greatest allowance is made for this source of error. For example 


_ Fig. 4 shows the actual determinations made in Exp. 2 when the 


| : Stimuli central 
Stimuli peripheral — 
1 
2 4+ 1 
i 
7 


“O15 
Interval for Muscular Summation (secs.) 
Fig. 4 


temperature of the peripheral half was 6°5° and that of the proximal — 
20-7° C. It is clear that the least intervals for summation cannot. be 
made to coincide however much the curve in case (b) is prolonged 

Before considering the possible causes of the observed difference 
in the two intervals we must gain some idea of the way in which this 


_ difference develops as the temperature of the distal half is lowered. 


In Exps. 1 and 2 there was no difference when both parts of the nerve | 
were at the same temperature, but when the distal half was 5-5° C. 
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_ cooler than the proximal half the difference was already at its maximum. 
Accordingly a series of experiments were carried out in which the 
intervals were determined when the temperature of the distal half of — 
the nerve was very slightly below that of the proximal half. An 
experiment of this type is given in detail in Table II (exp. 3). 

The results of this experiment are shown in Fig. 5, the temperatures 
. of the distal part of the nerve being plotted as abscissae and the intervals 
_ for muscular summation as ordinates. It will be seen that. as the | 


T T T T T T 


Stimuli central (a) 


Stimuli peripheral (>) 


Temperature of central half 
remains constant at 20°5°C. 


Temperature of Peripheral Half (°C.) 


Interval for Muscular Summation (secs.) 
Fig. 5. 


temperature of the distal half is reduced, 
both stimuli applied to the proximal half remains constant until the 
interval measured in the distal half has become -00072 sec. longer 
than it was originally, As soon as this state of affairs is reached the 
interval in case (a) begins to increase and keeps pace with that in case 
(b), the difference between the two remaining at a constant value of 
‘00072 sec. whatever the temperature of the distal half. Thus the 
difference between the interval in case (a) and that in case (b) has a 
maximum value, and the interval in case (a) does not begin to change 
until this maximum difference is reached. 


two other experiments. — 
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the nerve recovers its power of conducting an impulse before it recovers 
its power of responding to an external stimulus. We must suppose 
that the distal half of the nerve has always recovered its conductivity 


00072 sec, before it has become capable of excitation. When both 


halves of the nerve are at the same temperature, the interval for — 
summation in both cases is determined by the time of recovery of 
excitability. When the distal half is cooled, the interval in case (6) 
is increased as the recovery of excitability is prolonged in the cooled 
region, but the interval in case. (a) is not affected until the recovery 
of conductivity in the cooled region is postponed to a moment later 


‘than the time of recovery of excitability in the warm region. This 


will occur when the interval in case (6) is -00072 sec. longer than that 
in case (a). As the distal half is cooled still further, the interval in 


case (a) will cease to depend on the recovery of excitability in the 


proximal half of the nerve and will depend wholly on the time of recovery 
of conductivity in the distal half. Consequently it will always be 
-00072 sec. shorter than the interval in case (6), since the latter depends 
on the recovery of excitability in the distal half and this is always 
-00072 sec. later than the recovery of conductivity. 

This explanation agrees well enough with the results of experiments 
1, 2 and 3, but it has one very grave objection. It is necessary to 
suppose that the difference between the time of recovery of conductivity — 
and that of excitability in the distal half of the nerve is a fixed quantity 
which is independent of the temperature and therefore independent — 
of the absolute duration of the inexeitable period. The pronounced 
effect of temperature on the recovery process, and indeed on all the 
processes of living matter which have been investigated, makes it 
almost impossible to believe that this can be the case. 
_ The alternative explanation is to suppose that the conductivity 
and excitability of the cooled region recover at the same moment, and 
that the observed difference in the two intervals for summation is due 
to some new factor which has not yet been taken into account. As the 
difference between the intervals does not vary with the temperature 


of the distal half, it is probable that this factor, if it exists, must be 
_ something involved in the setting up and propagation of impulses ~ 


the proximal region where the temperature is cénstant. 
Fortunately these rival explanations can be put to the test in a 


very simple way. If there is a true difference in the times of recovery 
_ of excitability and of —— in the cooled region, and if this — 
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accounts for the difference in the intervals for summation in. cases (a) 
and (6), then an alteration in the temperature of the proximal part of 
the nerve should have no effect on the difference between the intervals. 
On the other hand, if the phenomenon is due to some factor involved 
in the setting up or the propagation of the impulses in the proximal 
half of the nerve, then an alteration in the temperature of this part 
should cause an alteration in the difference between the intervals. We 
_ should naturally expect that the effect of this factor would be prolonged 
as the temperature of the proximal part of the nerve was lowered, and 
therefore the difference between the intervals should be increased by 
_ cooling the proximal part of the nerve. 
Three experiments were carried out to test this a sid all. of 
them showed a pronounced increase in the interval when the proximal 
‘part of the nerve was cooled. These experiments are given below. — 


Hap, 4. 
Proximal half -—-‘Distalhalf Proximal half Distal half Difference in 
(a) (b) (a) (b) intervals 
160° C. 93° C. -00328 sec -00408 sec. -00080 sec. 
160 5-0 00728 ,, 00816 00088. ,, 
16-0 50 00728 ,, 00816 ,, 00088 ,, 
(90 5-0 00656 ., ‘00808 ,, 00152 ,, 
1465 5-0 00712 ,, 00800 ,, 00088 ,, 
8-5 00640 ,, 00800 ,, 00160 ,, 
Exp. 6. 3 
20-0° C. 9-0° C. 00392 sec. 00464 sec. -00072 sec. 
20-0 00520 00592 ,, 00072 ,, 
200° 00680 ,, 00760. ,, 00080. ,, 
20-0 ‘00856 ,, 00920 ,, 00064 
18-0. 00384 ., 00464 ,, 00080 ,, 
120 9-0 00352 ,, 00464 ,, 00112 ,, 
25-0 00416 ,, 00448 00032 ,, 
30° 90 00424, 00448 ,, 00024 ,, 
180 90 00344 ,, 00448 ,, 00104 ,, 
21-0°C.. C. 00424 sec. 00424 sec. 0 
8-0 00416 00480 ,, 00064 ,, 
200 8-0 00464 ,, 00472 _,, 00008 
140 90 00392 00440. ,, 00048 ,, 
20-0 9-0 00432 ,, 00432 ,, 
140 9-0: 00352 ,, 00432 ,, 00080 ,, 
160 00416, 00440 00024 ,, 
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In Exps. 4 and 5 it will be seen that an alteration in the temperature 

of the distal half of the nerve does not affect the difference between 
the two intervals, whereas an alteration in the temperature of the 
proximal part affects it considerably. In Exp. 4 a fall in temperature 
from 145° to 8-5° doubled the difference between the intervals; in 
Exp. 5 a fall from 28° to 13° made the difference four times as long. 
The interval for summation with both stimuli in the distal region (5) 
is naturally not affected by the temperature of the proximal region, 
and therefore an increase in the difference between the intervals in cases 
(a) and (6) can only be brought about by a reduction in the interval 
in case (a). Consequently we have the paradoxical result that in 
case (a) the interval for muscular summation is prolonged by raising 
and shortened- by lowering the temperature. This effect is shown in 
Fig. 6, which is constructed from the observations recorded in Exp. 5. 


Stimuli central (a) 
- Stimuli peripheral (>) 7 
| 25°F 
= ‘Temperature of peripheral half 
4 remains constant at 9°0°C. 
15% 
Interval for Muscular Summation~(secs.) 


Fig. 6. 


Exp. 6 gives the same result, but is especially interesting 
fact that the difference between the two intervals does not appeor ‘ 
at all when the proximal part of the nerve is at a high temperature | 
(20°). This was the only one out of eleven experiments in which no 


difference was found between the intervals when the distal half was 
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at a lower temperature than the proximal half. However the difference 
is always reduced by raising the temperature, and it is probable that 
in all cases it would become very small indeed if the proximal cael were 
heated to 30° or more. 


The result of these experiments decides the problem under investi- 


| gation. As the magnitude of the difference between the two intervals 


depends on the temperature of the proximal half and not on that of the 
distal, it is evident that the effect cannot be due to a difference in the 
times of recovery of conductivity and excitability in the distal region, 
and we must conclude that the distal region must recover its power to 
conduct impulses travelling into it from the warm region at the moment 


when it recovers its excitability to strong external stimuli. 


From this point of view the actual cause of the observed difference 
between the two intervals for summation is unimportant, and for this 
reason no attempt has been made to decide it in this paper. At first 
sight the most probable explanation would appear to be that there is 
some delay in the setting up or conduction of the second disturbance 
owing to the incomplete recovery of the tissue in which it is set up. 
There is evidence that a delay of this kind does take place when the 


second stimulus falls in the relative refractory phase, for Lucas? has 
shown that in muscle certainly, and probably in nerve as well, the 


interval separating the two electric responses is greater than the interval 


_ separating the two stimuli which set them up. However an explanation 


on these lines would not account for the fact that there is a constant 
difference between the two intervals whatever the temperature of the — 
distal half of the nerve. As the temperature of the distal half falls 
both intervals are prolonged, and therefore the second disturbance 
which is set up in the warm half is set up in tissue in which the recovery 
is more and more advanced (since the rate of recovery of the warm half 
remains unaltered). In muscle at any rate the delay of the second 
disturbance is not constant in all stages of recovery;. it decreases as 
the recovery advances. Consequently as long as the temperature of 


_ the warm half remains constant, the delay should be reduced as the 
interval for summation increases and the difference between the two 


intervals should be reduced in the same way. As a matter of fact it 
remains constant within the range of observation. It is conceivable — 
that. more accurate observations over a wider range of temperature 
might show a decrease in the difference at very low temperatures, but 
04 the pasos the explanation must remain unsatisfactory. This 


1 This Journal, xu1. p. 368. 1911. 
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failure to explain the cause of the difference between the intervals does — 
not affect the proof that conductivity and. excitability recover at the 
same moment? Whatever the final explanation may be there can be 
no doubt that the difference is due to some factor involved in the con- 
duction of the disturbances in the proximal half of the nerve, and not — 
to anything occurring in the distal half. 


The complete recovery of excitability and conductwity. 


It has been shown that the nerve regains its power to conduct — 
impulses at the same moment at which it recovers its excitability to 
strong external stimuli. To complete the proof that conductivity and 
excitability return together we require to know whether the-recovery 
of both functions becomes complete at the same moment. It is more — 
difficult to determine this point accurately because the return to normal 

is a gradual process and the exact moment at which recovery becomes 
complete can only be found by very accurate quantitative measurements. 
Nevertheless it can be shown that there is no great difference between 
the moment of return to normal conductivity and to normal excitability. 
_ Acertain amount of evidence on this point may be found in a paper 
on the summation of propagated disturbances by Keith Lucas and 
the writer’. In this paper it is shown that at 15°C, the conductivity 
returns to normal in about -015 sec. after the first stimulus. In two 
experiments on the return of excitability the interval which must elapse — 
for complete recovery was in one case -012 sec. at 14-8° C. and in the 
other -014 sec. at 15°5°C. ‘The moments of recovery of excitability 
and conductivity were not compared in one and the same preparation, 
and the results are too few to justify the conclusion that both | complete 
their recovery at the same moment. However the following experi- 
ments give more definite evidence. 

When a portion of nerve » between the stimulating electrodes and the 
muscle is narcotised with alcohol, the interval for muscular summation - 
increases as the narcosis proceeds. This increase is not due to any = + 

alteration in the rate of recovery of the narcotised area, but to the | 
fact that the disturbances undergo a decrement in conduction through - 

a the narcotised region. As the narcosis deepens, the initial size of the poe 
second disturbance must be increased if it is to avoid @xtinction and 
j win through to the muscle. Consequently it must be set up atalater 
stage of recovery when the conductivity has returned ey to ff 


This Journal, xutv. pp. 111 and 115. 1912, 


™ 


An 
| 


CONDUCTIVITY AND EXCITABILITY. 361 


permit the passage of a large size of disturbance. Rientially the 
decrement will become so great that the second disturbance will not 
pass through unless it is fully equal to the first disturbance, and when ~ 
this occurs the least interval for summation will be the interval which 
must elapse to allow of the complete recovery of conductivity. Any 
_ further increase in the depth of narcosis will lead to the extinction of 
the first disturbance as well as the second, although it may still remain 
possible to affect the muscle by setting up the second disturbance during 
the period of enhanced conductivity. Thus, if we measure the least 
interval for summation at a moment just before the decrement becomes 
great enough to extinguish a disturbance of normal size, this interval 
_ will give the time at which the recovery of conductivity is nearly 
complete. The moment at wihiich the excitability has just returned 
to normal may be determined directly by constructing the recovery 
curve of the preparation. In this way it is possible to compare the 
moments at which the conductivity and excitability complete their 
recovery. Unfortunately we can only obtain a more or less close 
approximation to the interval for summation at the moment when 
conduction fails, as the interval is changing rapidly as this moment. 
is approached and the difficulty of measurement is increased by the 
small size of the muscular contraction (owing to the fact that all but 
the most resistant fibres of the nerve have ceased to conduct). However 
we can at least give a definite minimum value for the interval necessary 
for the complete recovery of conductivity, and we are justified in 
assuming that the actual value is slightly longer than this. 
Table IV gives the results of seven experiments in which this mini- 
mum value for the complete return of conductivity is compared with 


Taste IV, 
Interval required for 
7 210° C. -0060 sec. -0062 sec.) 
8 185 0080 ,, O116 ,, 
18-0 0120 ,, ,, 
10 0112, 0126 ,, 
170 O176 ,, 0140 ,, 
12 16-5 0120 ,, 0182, 
13 15-0 ‘0192 ,, 0212 ,, 


and determining the moment at which the excitability returns to the threshold value. 
gradually. It is of the order of + -0010 sec.) 


PH. L. 
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the mean value for the complete return of excitability determined by 


is 


; the recovery curve. In all the experiments alcohol was used to pein 
id lish the decrement in conduction. 
a There is clearly a general agreement between the two dneneminnete 


over the range of temperature investigated. In all but one case the 
figures for the return of conductivity are slightly less than those for 
the return of excitability, but the difference is never great enough to 


| suggest that the true value for conductivity is really shorter than that 

4a for excitability. 
a The uncertainty of obtaining a more accurate figure for the return 4 
f 4 of conductivity makes it scarcely worth while to attempt a more elaborate ; 
a investigation on the same lines. Evidently the difference between the on 
| moment of complete recovery of conductivity and of excitability is 


very slight, if it exists at all, and as it has been shown that the earliest | 

return of conductivity coincides with that of excitability, we may be a 
fairly certain that the recovery of both functions becomes — | 
at the same moment. | | 


SuMMARY. | 

During the refractory period both the sailiiiai oa the excita- 
bility of the nerve are impaired. In the earliest stages the nerve cannot 
be excited successfully by an external stimulus, and it will not conduct 
a disturbance which has been set up in some region where the recovery 
is more advanced. In the later stages the nerve will conduct disturb- 
ances of reduced size only, and its excitability to external stimuli is 
impaired. It is possible that the mechanism of conduction is quite 
distinct from that of local excitation, and if this is the case the recovery 


a of conductivity might proceed quite independently of the recovery of 

7 | excitability. This possibility has an important bearing on the theory ae 
| H that conduction is brought about by a spread of the local excitatory = 
a process down the nerve, for if this theory is correct the two functions 4 { 
must recover together. 
q | The interval which must elapse aren the nerve can conduct at 


all may be compared with the interval necessary for the earliest return 
of excitability by cooling the distal half of the nerve and measuring 
_ the least interval for summation with both stimuli applied (a) to the 
proximal half, and (6) to the distal half. If the conductivity and 
_ excitability in the cooled area return at the same moment, these two 
intervals should be equal. It was found that the oe ‘in case (a) 


- 
| 
| 
ii 
| 
| 
i 
> 
‘Zi 
wt 
i 
| 
r 


CONDUCTIVITY AND EXCITABILITY. 363 


_ was slightly shorter than that in case (b), but the magnitude of the 
difference depended on the temperature of the proximal region and not 
on that of the distal. Consequently it must have been due to some 
factor involved in the conduction or setting up of the disturbance in 
the proximal region, and not to any difference between the times of 
- recovery of conductivity and excitability in the distal region. Indeed 
the experiments show that conductivity and excitability in the cooled 
region recover at the same moment. . 

Experiments of a different kind show that the recovery of con- 
ductivity is probably complete at the moment when recovery of 
excitability is complete. Thus there is no evidence to show that the 
recovery of conductivity proceeds independently of the recovery of 
excitability. This removes a possible objection to the theory that 


ay 
4 ay 
| 
<q 
> 
Mag 4 
q 
ay 
? 
4 
5 
i J 
ay 
‘ 
“ 
if 
ay 
ag 
> 
&§ 
> + 
‘ 
toy. 


OBSERVATIONS UPON THE GROWTH OF TISSUES 
IN VITRO RELATING TO THE ORIGIN OF THE 
HEART BEAT. By NORMAN ©. LAKE, MD. FROS., 


Assistant Surgeon Queen’s Hospital for Children. 


Tue method of growing tissues in vitro devised by Burrows() or 
improved by Carrell(2) and other American investigators (3) has placed 
in our hands a method of direct observation of the living processes of 
individual mammalian cells. ‘The method consists in brief, of implanting 
small portions of excised tissue into media the chief basis of which is 
plasma. The portion of tissue may be used either fresh or after 
storage in Ringer's fluid at temperatures in the region of 0° C. for 
varying periods. A small portion having been placed upon a coverslip 
the medium is added, and after coagulation has occurred the whole is 
_inverted on to a celled slide, sealed with paraffin, and incubated at 
37-5° C. For purposes of observation it is transferred from the main 
incubator to a small electric stage incubator on the microscope. After 
a varying number of days the tissue can, after washing in Ringer's fluid, 
be transferred into fresh medium and in this way kept alive and growing — 
_ for indefinite periods(4). Great care must be taken to prevent bacterial — 
contamination and for this reason it is best to conduct the manipulations — 
in a dust-proof case. Artificial media may be used but are less satis- 
factory than plasmatic media(5). The growth is greatly stimulated 
by making the plasma hypotonic to the extent of } plasma, ? distilled — 
water. The plasma may be either homologous or in some cases hetero- _ 
logous. Blood is collected from the superficial veins through a large 
bore, well paraffined needle into paraffined test tubes contained in a 
_small ice chest, the internal temperature of which averages + 2°C. 
The tubes still surrounded by ice are then centrifuged and ‘the super- 
natant plasma transferred by paraffined pipettes to other tubes. These 
tubes are sealed and stored at + 2°C. In this way human plasma 
can be kept uncoagulated for periods up to four days and rabbit plasma 
for shorter periods. 


1 Research conducted under a grant from the National Medical Research Committee 
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Practically every tissue in the body has been go planted oi grown 
but for this paper only the heart growths will be dealt with. Heart 
growths are exceedingly interesting in that they pulsate on the slide 
and therefore it becomes possible to observe directly both the functional 
and vegetative activity of the cells. With few exceptions all the heart 
growths were obtained from young or embryo heart tissue of rabbits, 
mice, and human beings. The heart is divided up into many small 
portions and all of these planted in the medium. Typically a large 
_ number of the younger heart growths begin to pulsate soon after incu- 
bation is started. The older the heart tissue the smaller the number 
which pulsate. After a latent period of 12 hours in the case of rabbit — 
growths, but often from three to four days in the case of human | 
growths, small projections into the surrounding fibrin network occur, 
which rapidly form themselves into spindle shaped cells, arranged 
‘radially to the original tissue. Active growth and division of these 
. cells may now be watched under the microscope. At the end of three 
_ or four days the original tissue is surrounded by a thick layer of new 
— cells. These latter at this period begin to present signs of vacuolation 
and tend to become circular in shape. The accumulation of the products 
_ of metabolism around the growth is the cause of this change, and it 
indicates that transplantation has become necessary. If at this period 
the growth be stored for several days in the ice chest, active growth and 
pulsation again occur on reincubation. In the meanwhile the metabolic 
products have diffused into the surrounding medium and so have become 
diluted. In the case of human growths liquefaction of the medium 
often occurs after the first 24 hours and so it is not until the first trans- 
plantation has occurred that growth is noted. It is impossible here to 
enter into all the various changes which alterations in the medium, 
variation in the temperature, etc., bring about. Some of these have 
been described elsewhere. This research concerns itself solely with 
two considerations, (1) the exact nature of the new cells grown from 
heart tissue, (2) the origin of the pulsation which occurs in these 


The exact nature of the new cls from heart 


The great bulk of the work on this method of tissue culture has 
been carried out by. American investigators. They have all, in their 
‘various writings, called the new cells in heart cultures fibroblastic cells. 
This conclusion was derived: largely by analogy from growths of other 
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tissues such as thyroid etc., in which growth of two distinct types 
of cells can be observed, the one typical epithelial célls, and the 
other long spindle cells closely resembling fibrous tissue cells and so 
called fibroblastic. The cells which grow in such profusion from 


heart tissue morphologically resemble these latter cells. They never 


appear to become transformed into anything resembling the typical 
striated heart cell and as they had never been observed to pulsate were 
thought to be fibroblastic cells. The writer has observed 400-500 
heart cultures and, with the important exception of those detailed 
below, has never seen: individual pulsation of these cells. This 
appears to be a case however in which one positive observation 
is worth many hundreds of negative ones. The impression derived 
from the observation of these pulsating growths is that the pulsation 
starts at one spot and then travels rapidly over the whole growth. 
During the pulsation there is a movement of the whole mass towards 
the central point and this movement includes of course the newly 
grown cells, Under these circumstances it becomes very difficult to 
observe whether there is any individual pulsation of the newly grown 
cells synchronous with the main contraction. On many occasions ths 
cells have appeared to increase in thickness during the contraction of 
the growth, whereas if they were simply pulled upon by the main mass 
one would expect them to be diminished in thickness. It may be there- 
fore that contraction of these cells occurs in many of the growths but 
is obscured by the general movement of the whole. The observations 
however were exceedingly indefinite and it was not until the growths 
reported below were observed that individual cellular pulsation distinct 
and incontrovertible was proved to occur in the new grown tissue. It 
has long been recognised that constant tension of the heart fibres is 
important for their function. This tension is produced in the explanted — 
heart by the contraction of the fibrin network. In those cases in which 

the medium liquefies the pulsation stops as soon as the tissue becomes 
absolutely detached from the network. In all probability the difference 
in the tension of the fibrin network explains why it is that some growths 
pulsate vigorously, while others from the same heart, although perhaps 
growing rapidly, are quiescent. Before however entering intoa complete 
—— of these phenomena details of two particular growths must 

given. 


Rabbit embryo, age 7-8 days, was removed by laparotomy, immediately placed 
whole in Ringer’s fluid and stored in the ice chest (average temperature + 2°C.) for 
four days. By use of a dissecting’ mi pe the heart was removed and divided into 
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two or three pieces. St) into motion of 
| oo plasma and } distilled water, and incubated. 
¥ June 3rd. Good growth of so-called fibroblastic cells, vigorous pulsation i 
“ June 4th. Growth and pulsation continue, There are evidences of starting lique- 
2 faction in the medium around the original fragment. 

June 6th. The liquefaction of the medium has extended circumferentially. The 
at original mass is however still connected with the fibrin network by numerous ‘bridges’ 
* of newly grown cells. It is with one of these ‘bridges’ that we are mainly concerned. 


en Fig. 1. Camera lucida drawing showing the relationship of the two cells. 
__ A, main mass of tissue; B, degenerate cells; C, inner columnar cell; D, liquefied medium ; 
E, protoplasmic thread; F, outer spindle cell; G, fibrin network with blood platelets 

. #¢ nodes; H, nucleus showing chromatin; I, tendency to striation of cells. 


This particular bridge was composed of two cells of the typical newly grown type, highly 
granular and resembling very closely all the other newly grown cells. The exact arrange- 
ment of these is shown by the camera lucida drawing made at the time (Fig. 1). The 
innermost cell was somewhat columnar and was attached to the main mass at its base, 
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The outer cell was spindle shaped and, as can be seen from the drawing, remained attached 
to the fibrin network at its outer end. Connecting the two cells (the nucleus of each was 
well defined) was a thin protoplasmic band containing a few small granules. There were 


no other cells or fibres of any sort in the immediate vicinity and the liquefied plasma — 


around the tissue was absolutely clear. Pulsation of the main mass was fairly regular 
and could, as is usual, be made to vary in rate by alterations in the temperature. The 
inner of the two cells usually pulsated just as the-main mass had finished contraction, 
obviously the result of conducted impulse. Frequently however this cell would pulsate 


once or twice between the main contractions and in this case an individual pulsation of — 


the outer cell would follow, the granules in the protoplasmic thread being drawn first 


inwards and then outwards. On other occasions the pulsation would start in the outer 
cell and be transmitted along the thread to the inner cell—pulsation of the main mass” 
- would not however follow, but continued at its own regular rate. It will be seen that — 


these cells were kept on stretch by the arrangements of the parts, and as was expected, 

after watching these two cells for several hours the protoplasmic thread broke and imme- 

diately pulsation of both cells stopped and they became apparently fibroblastic cells. 
This growth was now transplanted, the medium again being hypotonic plasma. 


_ June 7th. Main mass pulsating vigorously and growing rapidly. Two or three 
rather long and somewhat columnar cells were noted which pulsated at rates entirely — 


_ different from one another and from the main mass. The pulsations were powerful and 
_ distinctive. One of these cells was attached by a broad base to the main mass, the 
second by a thin protoplasmic thread, while the third was most interesting in that it 
- e@ppeared to be completely detached from the main mass, but to be lying in immediate 
contact with the second—pulsation of this third cell was infrequent but, when it did occur, 
followed that of the second cell, the impulse appearing to be transmitted from one to the 
other, 


The first conclusion to be drawn from these observations is that at 


least some of the cells growing from the planted heart tissue are con- — 


tractile and therefore must be considered muscular and not fibroblastic. 
There could be no question of transmitted movement, for oftentimes the 


main mass was relaxed during two or three individual cellular contrac- _ 


tions. The general shape of the cells and the lack of proper striation 
(there was some attempt at striation as the drawing shows) indicate 
that the cells were rather embryonic in character. It must be remem- 
bered however that the tissue from which they were grown was also 
embryonic. The fact that they were grown in human instead of rabbit 
_ plasma also appears to make no difference, for in many hundred rabbit 
growths put up in both human and rabbit plasma very little difference 
was observed. : | 


A second conclusion which may be drawn is that the pulsation is — 
myogenic in origin. It is true that all growths taken from the same | 


heart do not pulsate, and it may be said that only those in which 
nervous elements were present pulsated. But we have already shown 
that pulsation is dependent upon tension and one cannot expect 
that the desired degree and direction of tension would occur in all 
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cultures. There is no need therefore to assume the presence of a nervous 
mechanism to explain why pulsation does not invariably occur. The 
individual pulsation of the outer cell described above would however — 


_ appear definitely to decide the question. This cell was kept under 
tension by the arrangements of the clot and main mass and although 


for the most part its contraction followed that of the inner cell, yet 
frequently separate and entirely disconnected pulsation of this cell 


- occurred and was followed by that of the inner cell. We have already 


pointed out that there were no fibres or other cells in the vicinity and 
therefore the individual contraction of the cell must have originated 
in itself and was determined by the degree of tension applied to it at 
the time, for when this tension was stopped by breakage of the proto- 
plasmic thread pulsation immediately stopped also. The arguments _ 
for and against the myogenic theory of the origin of the heart beat. 
are carefully laid out in the larger text books of physiology and it is 
not proposed to enter into them here. It is obvious however that — 
the above observations lend powerful support to the myogenic theory 
as far at least as concerns the mammalian heart. 3 


Summary. 
(1) The so-called “fibroblastic” cells which grow from heart tissue 
planted in plasma are contractile and must therefore be considered 


muscular. 


(2): The newly grown muscle cells pulsate at a oe of their own 


when placed under suitable tension and when detached from all nervous 


influence. 
(3) The myogenic theory of the heart beat in mammals is — 


by these observations. 
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THE FUNCTION OF HMOGLOBIN IN INVER- 


 TEBRATES WITH SPECIAL REFERENCE TO 
PLANORBIS AND CHIRONOMUS LARVZ. By 
LEITCH, B.Sc., Carnegie Scholar of Aberdeen 


(From the University Laboratory of Zoophysiology, Copenhagen.) 


Weseeineaen in his Handbuch der vergleichenden Physiologie, in 


the chapter on Molluscs (p. 88), is of opinion that the presence of 


hemoglobin in some Lamellibranchiates and its absence in other 


nearly related species is completely obscure, and this may well be 
taken as an expression of the general verdict regarding the function 
_ of hemoglobin in the Invertebrates. 

Let us first collect the information as to its occurrence. The presence 
of hemoglobin is first definitely established in worms. Many Cheeto- 
pods, some Nemertines, Hirudinea and Gephyrea have hemoglobin 
either in solution or in blood corpuscles. In Molluscs some Lamelli- 


-branchs and one Gastropod, namely Planorbis, possess hemoglobin. — 


A few Crustacea belonging to the Brachiopoda, Ostracoda and Copepoda : 
the larva of Musca and many species of Chironomus complete the list. 
It will be evident at once that relationship has no part in determining 
the presence of hemoglobin, and that, if there be any common factor, 
it must be sought for from the physiological and not from the morpho- 
logical standpoint. 

Regarding the function of hemoglobin Winterstein sashes with 


reference to worms, many experiments to demonstrate the greater 


power of resistance to lack of oxygen of those possessing respiratory 
pigments: for example, that Piitter has kept Hirudo for ten days 
in pure nitrogen without injury. He goes on: “A great number of 
worms are mud-dwellers. That their great power of resistance to lack 
of oxygen is correlated with their life in this badly oxygenated medium 
can scarcely be doubted: Bunge has expressed the suggestive idea 


that, only because of their having passed through the ‘preparatory school’ — 
of oxygen-want as mud-dwellers are worms oT of living gute | 
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anaerobically in the oxygen-free alimentary canals of higher animals. 
On the other hand, Lankester has tried to correlate the normal habitat 
of worms with the formation of respiratory pigments, and for example, 
expresses the view that only its wealth of hemoglobin enables the 
Annelid, Tubifex, to live at the bottom of the polluted water of the 


_ Thames. Probably, in fact, the two apparently contradictory aspects 


can be referred to one cause, namely that the adaptation to a medium 
poor in oxygen led, on the one hand, to a high capacity for anaerobic 
life, and ‘on the other, to oxygen-binding pigments, the possession of 
which must be of great advantage under just these circumstances.” 
With reference to Molluscs he quotes similar experiments and observa- 
tions by Lankester and Miall, Cuénot and Schneider, to show 
that these are very resistant to lack of oxygen, and indicates a parallel 
with worms in that their normal habitat is stagnant water or mud. 
He refers again to Lankester’s and Miall’s suggested interpretations. 
Miall’s suggestion in his Natural History of Aquatic Insects is as 
follows: “A list of the many animals of all kinds which contain hemo- 
globin shows that for some reason or other each of them requires to 
use oxygen economically. Hither the skin is thick, or the respiratory 
surface limited, or they are enclosed in a shell, or they burrow in earth — 


or mud.” He goes on to say that, however, not all animals that have 


in this way limited facilities for respiration, possess hemoglobin. 
“The fact is that the respiratory needs, even of closely allied animals, _ 
vary greatly, and further, there are more ways than one of acquiring © 
and storing up oxygen in their bodies.” And he continues: “Either 
the storage capacity for oxygen of the Chironomus larva is considerable, 
or it must be used very — oe the animal can subsist long without 
@ fresh supply.” . 

As the sum of this we have, then, one fact, viz. that the presence 
of hemoglobin among invertebrates is in all cases correlated with a 
habitat deficient in oxygen: and one suggestion, viz. that the hamo- 
globin acts as a store of oxygen. The fact leads to the first question, 


the truth of which one is tempted to assume, since we are constantly 


discovering and re-discovering the exquisite economy of Nature,—the 
question of whether the hwmoglobin is of use. In the second place 
there is the question of how the hemoglobin is used. Does it function 
as Miall suggests as a store, or how? 7 
Before going on to the experiments by which I have tried to answer 
these two questions, let me recapitulate the chief points in what we 
know of hemoglobin from mammals. The is froin’ the 
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first. five chapters of Barcroft’s The Respiratory Function a the 
Blood. 


We know that hemoglobin forms a chemical compound with oxygen, 
oxyhemoglobin, in the proportion of 32 gr. oxygen to 56 iron. 


But in the circulation it is never united with as much oxygen as it | 


could be. There are present oxygen, oxyhemoglobin and hemoglobin 
and (at any given constant temperature) the relative proportions of 
oxyhsmoglobin and hemoglobin will vary according to the tension 
of oxygen present. A dialysed solution of hemoglobin, in the presence 
of different tensions of oxygen, will give different percentages of 
oxyhemoglobin and hemoglobin, which plotted with the relative 
tensions of oxygen give a rectangular hyperbola, the dissociation curve 
of hemoglobin. For each different temperature there will be a different 
hyperbola, such that a rise in temperature will mean a lower percentage 
saturation at the same oxygen tension. 


The presence of salts causes aggregation of the hemoglobin mole- 


cules, altering the equation to the dissociation curve, and making 
the curve 8-shaped instead of a rectangular hyperbola. The result 
of this is obviously, that hwmoglobin in blood, which is a solution of 
salts, will take up oxygen more slowly than dialysed ere, 
but will part with it more readily. _ 

The presence of carbon: dioxide, or other side: e.g. lactic acid, 
lessens the effective concentration of the hemoglobin: that is to say, 
in the presence of CO, the blood will be less saturated at the same 
oxygen pressure. In the absence of CO, the blood will take up oxygen 
more quickly than in its presence, and in its presence it will give up 
oxygen more quickly than in its absence. 

My experiments have been made on Planorbis corneus, and on 
Chironomus larve. Planorbis is too well known to need any general 
description. I used a variety without pigment in the skin. Let me 
recall the following points regarding its anatomy. It breathes by a 
lung, which, since it lives in water, can be opened and closed at will. 
The opening formed by an ingrowth of the mantle edge to meet a 
similar ingrowth from the neck, is protrusible and projects above the 
surface-film when the animal breathes. On the inner surface of the 
mantle lies the two-chambered heart and a rich net of blood vessels. 
From the body generally, the blood is collected in a large vein which 
lies along the mantle edge beside the rectum, and from which numerous 
branches spread over the surface of the mantle. Here the blood becomes 
arterial and is collected by the vena pulmonis going to the auricle. 
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The blood from the heart is distributed by two main aorte, the one _ 
supplying the head, pharynx, stomach, etc., and giving off an artery 
to the foot: the other supplying the viscera generally. The blood 
vessels form ridges on the mantle surface, and the epithelium over 
them is ciliated. 

Chironomus is one of the commonest of insect larvm, abounding 


in ditches and dirty streams, feeding on decaying vegetable matter, 


living in: burrows in the mud lined with earth and leaves glued together 
by the secretion of their salivary glands. They are conspicuous by 
their bright red colour, and the surface of the mud where they burrow 
is as easily recognisable, dotted over with small holes about 1-5 mm. 


across and each with a little raised rim round the edge. At times the 


larve push their tails out and wave them about, possibly, as Miall 
says, “as a help to respiration.” While they are completely concealed 
within their tubes an undulatory movement is kept up which no doubt 


helps to renew the water. According to Miall again, the last segment 


but one bears two pairs of flexible tubes filled with blood which is 
constantly renewed by the pulsation of the heart. The heart lies near 
the posterior end and dorsally. The blood enters by two valves and is 
driven by the contraction of the heart along a narrow dorsal vessel 


to the head. Here it escapes into the body-cavity and ultimately 


returns to the heart. The tracheal system is rudimentary and com- 
pletely closed. 

It has been establiched by several observers that, in well aerated 
water, Planorbis and other Limnzidw have no need to renew the 


supply of air in the lung. * Skin respiration 
_ therefore, whether on the whole Planorbis uses its hemoglobin, and if | 


it be used when and how it is used, I performed experiments on the _ 
following plan. There were two series of experiments: a series in 
which the snails were placed in a flask half-filled with water through 
which air could be passed at a convenient rate, and with a known 

tension of oxygen, together with a parallel series where to the air was — 
added 1°, carbon monoxide. In the presence of this gas the hemo- 
globin is rapidly converted to carboxyhemoglobin, ceases to be of 
any use as a respiratory pigment and we have Planorbis, physiologically 


_ considered, without hemoglobin. It will at once be clear, that, all 


other things being equal, if there be a difference in the behaviour of 


the snails between the two cases, it must be due to the active presence 
_ of hemoglobin in the former. In the one case the amount of oxygen 


available for — will be the amount physically dissolved in the 
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blood, plus the amount chesiditiy bound by the iene in the 
other, only the amount physically dissolved. 

The method of experimentation was this. A two-litre bottle con- 
taining air with the desired oxygen tension was placed in connection 
with, on the one hand, a similar bottle with water, and on the other, 
the flask,- half-filled with water containing the snails. The air was 
first bubbled rapidly through ‘and the flask shaken well to ensure that 
the oxygen tension in the water of the flask should be the same as that 
of the mixture. The bottles were then reversed, and the mixture started 
again to bubble through at such a rate as to continue for approximately 
a day. At the end of that time, if further observations were desired, 
the bottles were reversed again with care not to admit atmospheric 
air during the reversing. During the experiments the snails moved 
about on the surface of the glass, and on applying a spectroscope over 
the extended foot against a strong gas light, the oxidation or reduction 
of the blood could at once be observed. 

It appeared then that, for the. normal sedentary: is without 


carbon monoxide,—down to an oxygen tension of 7-7, the blood of 


the snails is always saturated. They seldom or never came to the 
surface to breathe. At a tension of 7-2 the blood, as observed in the 
foot, is reduced and from that point down to a tension of 3 °/, they move 


about a great deal, and come more and more frequently to the surface 


to renew the air in their lungs. When the tension falls below 3°, 
they remain steadily at the surface, moving little and breathing 
frequently. There is no further change to 1°/,. In the parallel series 
with carbon monoxide, that i 18, where the snails are functionally without 
hemoglobin, the behaviour is similar down to 3°. From 7%, to 

3°, the animals are very active, much at the surface, and breathe 
_ frequently. But below 3°, there is a difference. Here the snails 


become more and more sluggish, move very little and come to the — 


surface slowly, at long intervals. At 2°, they were not observed to 


come to the surface, and at 1%, they ate extended from their shells 


and float about in the water. 

From these data it is evident that at tensions down to.7 %, Planorbis 
never makes use of its hemoglobin: the hemoglobin is always 
saturated. Further it does not require to use its lung: diffusion 


through the surfaces exposed to the water is sufficiently rapid to supply — 


the needs of the animal. Below 7 °%/, however, the oxygen available 
_ by physical solution in the blood is no longer sufficient: ‘the hemoglobin 
is reduced ——— to accelerate 
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the acquisition of oxygen, the lung is frequently filled with air. It 
is clear that, so long as the hemoglobin is constantly saturated, there 
is no advantage to be had in renewing the air in the lung: but, so soon 
as the blood becomes reduced, it is of the greatest importance for its 
rapid oxidation that the lung with its rich net of veins and compara-— 


tively great facilities for diffusion should be repeatedly filled _ 
fresh air. 


Between 3°, and 1 of. i in the presence of héemoglobin as well as in 
its absence, the snails become less active: but whereas by decreasing 
their activity, remaining at the surface and breathing with great 
frequency, they can with the aid of hemoglobin maintain a normal 


condition, in the absence of hemoglobin they are at 3°, already 


incapable of doing so and go into a more or less latent condition. At 
a tension of 1°, they cannot, without the aid of hemoglobin, supply 
even the small amount of air required in such a latent condition and 
float about in an obviously abnormal state. It is evident of how great _ 
importance to Planorbis the possession of hemoglobin is, since in the. 
stagnant pools which it — inhabits oxygen tensions from T%o 
downwards are common. 

For the Chironomus larve a similar method of peooadare was 
impossible because the aim of such a series of experiments would be 
to produce given tensions in the mud in which they live, but to draw - 
any conclusion as to the oxygen tension in the mud from the oxygen 


tension of a mixture over it seemed too dubious a course, and where 


any doubt could exist under conditions as marginal as these, the 
experiments would be without value. An altogether different method 
had therefore to be adopted, offering, it is true, a picture less complete 
than that just presented for Planorbis, but still easily interpreted in 
ecological terms. The larve were placed in small glass cells with just 
enough water to prevent their being dried up, but not enough to allow 
much movement. The cells were made air-tight with a cover-glass 
as lid, and a current of air of known composition was passed — 

them. 
To determine the amount of saturation of the blood, an Engelman 


_micro-spectroscope was used where the spectrum of the larval blood 


(the larve, on account of their transparency, are easily examined 


directly) could be compared with superposed spectra of oxyhwmoglobin 


and hemoglobin. The oxyhemoglobin and hemoglobin were in a 


trough divided diagonally so as to give two identical wedges of which 


the thick end of the one coincides with the thin end of the other. The 
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spectrum from tlie blood of the larvee was matched with a point in the 


spectrum from the trough, which graduates from oxyhemoglobin at — 


the one end to reduced hemoglobin at the other, and from a graduated 
scale the percentage saturation read off. This method and others 
to be mentioned are due to Prof. Dr August Krogh and will be 
fully described by him. The method was found by control experiments 
to be correct to 2°%,. 

- The results obtained were that at 7 mm. oxygen pressure, or about 
1%, the blood of the larve is little, if at all, reduced. At 5mm. 


oxygen tension it was 60%, saturated, and at 29mm. only 165% 


saturated, all at a temperature of 17°C. It appears then that down 
to 7 mm. oxygen tension the larve do not use their hemoglobin at all, 
but from about 6mm. downwards it is in use. 

In reality, in such putrescent mud as the larve inhabit, there will 


normally be an appreciably high carbon dioxide tension. For analyses 


of air-bubbles from the sea-bottom tensions of 1-7 /, and 3-7 °/, carbon 

dioxide have been found, with oxygen tensions of -2°%/, and -6%, i.e. 
about 1-5 mm. and 4-5mm. The saturation of the blood was therefore 
determined at 5mm. oxygen and, 2%, carbon dioxide. The result 
was 489, saturation as contrasted with 60 %, without carbon dioxide. 
It is probable then that the larve begin to use their hemoglobin at a 
slightly higher tension than the 6mm. determined above, and since 
the oxygen tension can as quoted be as low as 1-5 mm. with a carbon 


dioxide tension of 1-7 °/,, it is evident that the possession of hemoglobin 


is suited just to the utilisation of these low tensions which exist in such 
unaerated mud. 

From these two series of experiments it must strike one smsadiately 
that the hemoglobin does just that work it is required to do, but that 
its behaviour is quite different in the two cases. In Planorbis the 


tensions used are from 7 downwards, and in Chironomus from 7mm. _ 


or about 1°, down to some unknown point at which limit the larva 


would probably leave its burrow and go in search of air. This indicates 


a great difference in the dissociation curves of the two animals, so 
I set to work to determine them approximately. 


The blood of Planorbis is best obtained by simply making an incision © 


_ in the foot. Violent retraction follows and the blood is pressed out. 
From Chironomus it is of course obtained at once by cutting the larva 


across. The blood was introduced into a small tonometer which could 
be conveniently examined under the micro-spectroscope and kept at 
& constant temperature. Air of known composition was passed through — 
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until equilibrium was established and the percentage saturation 
_ found, as for the larve, by comparison with the superposed spectra 
oxyhemoglobin and reduced The gave 
the results : | 


CO, tension tension saturation 
20° 0 108mm. > 70* 
20° C, 0 7-4 mm. 56 
20° ©. 2%), 10-8 mm. 
2%, 7-4 mm. 45 
Eetimations are accurate only up to 70°,. 
Chironomus. 
ture CO, tension O, tension . ae 
20° C. 0 2mm. 48 
20°C. *17 mm. 50 
20° C. 125% -25mm. 39 
20°C, 1%, ‘17 mm, 


If reference be made to Barcroft’s Fig. 12, giving the curves for 
dialysed and undialysed hemoglobin, and Fig: 17. giving the curves 
for dialysed hemoglobin at different temperatures, it will be seen that 
the values for Planorbis indicate a curve between the curves III and © 
IV: that is the values for Planorbis would fall on the curve for a tem- 
perature between 32° and 38°. The figures for Chironomus | indicate 
a curve similar to curve I. 

Two experiments were made on the blood of Planorbis at different 
temperatures, one at 11-8°C. and one at 6°C. The results were: - 


Temperature Og, tension saturation 
18°C. 2mm. 
6° C. 1 mm. 54 


From these experiments it is apparent that the effect of temperature 
is, as was to be expected, such that a rise of temperature means a fall 
in percentage saturation at the same oxygen tension. : 

Let us return to our starting-point. We have now demonstrated 
the truth of Lankester’s observations that the possession of hemo- — 
globin i is closely connected with the habitat of Planorbis and Chironomus 
in badly aerated water. We have demonstrated that the hemoglobin 
is present in solutions such that; in each case, it is adapted for the utilisa- 
tion of just those low oxygen tensions to which the animals are likely 
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to be subjected. In order to test Miall’s suggestion that the hemo- | 
globin functions as a store of oxygen we require to know first,tiow = 
much oxygen the hemoglobin can store, and second, how much the ~~ 
animals use. That is to say, we require an estimation of the oxygen | 
capacity of the blood and of its amount, and a determination of the 
rate of gas exchange for each of the animals. . 

Estimations of the hemoglobin. concentration for Planorbis by | 
Haldane’s hemoglobinometer were made by Dr Marie Krogh and 
myself. These estimations we regarded however as unsatisfactory on ‘ 

; account of the impossibility of matching the colours exactly, and 
Dr Krogh showed that this is due to the presence of another, lipo- 
chrome, pigment. Our estimations of the oxygen capacity of the 
blood of Planorbis gave 1-5 and 1-2 volumes p.c. An estimation by 
Barcroft’s method gave -9 volumes p.c.—a lower value as we expected. 
For Chironomus the concentration of the blood was estimated in a 
micro-colorimeter, by comparison under the microscope with solutions 
of known ‘strengths. The method on testing was correct to. 2°. 
One larva gives enough blood for an estimation. The average oxygen 
capacity for a large number of larve was found to be 6c.c. p.c. 

The quantity of blood was found by weighing the animals intact, 
and again after removing as nearly all the blood as possible. The 
results were, for Planorbis, that the blood is a third of the weight of ; 
the snail, and for Chironomus a half, 
proportion in comparison with vertebrates. 

Finally in Prof. Krogh’s micro-respiratory apparatus estimations 
were made of the gas exchange. The figures showed that a snail uses 
1-09 c. milligrams of oxygen per gram per minute, and that Chironomus ~ 

uses 2-675 c. milligrams of oxygen per gr. per min. We have now all ) 
the data necessary for the consideration of hemoglobin as a store of 
oxygen., Let us begin with Planorbis. : 

A snail weighing -9 gr. used -98 c. mgr. of Oy per min. Tt possessed | 
33%, of blood with an O, capacity of -9c.c. p.c., é.c. to a sufficiently 
accurate approximation it possessed -3 c.c. of blood which would there- 
fore contain -0027 o.c. of oxygen when saturated. Now it uses -00098 6.0. 
per min., so that the length of time in minutes for which the total 

 @mount of oxygen the blood is capable of bearing can suffice is given by 
Weeds, t.e. for approximately three minutes. In this case the utility 2 
of hemoglobin as a store is evidently very small. . 

For Chironomus: ten larve weighing -16 gr. used -428c. mgr. of 

oxygen in 7 min. 
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of 6c.c. p.c., t.e. these ten larve had -08 c.c. of blood whose total 
oxygen capacity was ‘0048 c.c. oxygen. So as above the time for which 
this would suffice as a store is given by «394%, that is to say for about 
12 mins. Here owing to the large amount of blood which the larve 
possess and its high concentration, the time is longer, but even so, it 


_ is clear that from the point of view of a practical store of oxygen, its 


usefulness is insignificant. One cannot seriously talk of a “storage — 
capacity” for 3 or 12 minutes. The animals neither store oxygen in 
the sense in which Miall meant it (he was thinking of his experiment 
where a larva lived for fire days in boiled water), nor do they use it 
carefully. 


Concuustons. 


In Planorbis and Chironomus the function of the hemoglobin 
consists in making available, by its power of binding oxygen chemically, 
a quantity of oxygen sufficient for the needs of the animals at oxygen 
tensions so low that the necessary amount is not supplied by physical 


solution. In Planorbis the mode of action is as in Vertebrates: it 
depends not at all on a power of “storing” oxygen, but wholly on the | 


constant circulation of a current of alternately oxidised and reduced 
blood between the lung and the tissues. In Chironomus it is even 
simpler, but quite similar: namely, the constant binding of oxygen 


at the surface of the body and the constant giving up of it in the 


interior: & continuous mixing and interchange of oxidised and reduced 
blood kept in motion by the beating of the heart. And the only 
difference is that in each case the hmmoglobin is present in just such a— 
solution as enables it to utilise these low tensions of oxygen to which 


it is liable to be subjected. 


These experiments were planned by Professor Krogh, and my 
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‘FATTY INFILTRATION OF THE CAT’S KIDNEY. 
By V. H. MOTTRAM. 


(From the Physiology Laboratory, McGill University, Montreal.) 
In a recent paper the author, conjointly with Mr Coope@), pointed 
out that in female rabbits which had been long on a constant liberal 
diet, the nature of the kidney fatty acids showed little deviation from 
the mean as judged by their iodine value. The figures in different 
animals ranged from 114-1 to 122-3 with a mean of 117-3.and a standard 
deviation of + 2-07. This deviation expressed as a percentage is 
+ 1-78 and is only just outside the error of experiment.. Consequently 
it seemed fair to say that a constancy of diet over a long time (one 
month at the least) produces a constancy of the nature of the fatty 
acid in the kidney. : 2 
_ ‘This was the more interesting in view of Leathes’ theory () of 

the réle of the liver in fatty acid metabolism, because there thus seemed 
to be an upper and constant limit to which the désaturation of fatty 
acid proceeded. On Leathes’ theory the iodine value of the liver 
fatty acids should lie between that of the fat depot fatty acids (as lower 
limit) and that of the heart or kidney fatty acids (as upper limit). And, 
with few exceptions, this is so. It is true that in the pioneer work of — 
Hartley@) there were some cases in which:the iodine value of kidney 
fatty acids was below that of liver fatty acids, even in tissues from the- 
same animal. But in view of the fact that it was through this work 
that a knowledge of the avidity of organ fatty acids for oxygen was 
first realised and the basis for the modern technique of the isolation 
of organ fatty acids laid, it is not surprising that Hartley’s figures 
should not bear out absolutely the generalisation suggested above. 
In the method used, the materials were exposed to the air when warm, 
and the soaps and fatty acids may easily have become oxidised to some ‘ 
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- extent, the lesser amounts present in heart and kidney suffering more 

than the larger amounts in the liver. Later work by Imrie(4) on 
materials from the post mortem room, although showing individual 
cases in which the generalisation is untrue, nevertheless gives strong 
evidence that normally the fatty acids of the liver have an iodine value 
between those of heart and kidney fatty acids on the one hand and 
depot: fatty acids on the other. In forty cases examined, ten are 
_exceptions to the rule and of these six (cases 2, 10, 13, 14, 16 and 17) 
are scarcely outside the error of experiment. On the mean values 
(heart 134-4; kidney 130-3; liver 111-1; depot 65) the results are 
_ strikingly in favour of the rule. It is further to be remembered that 
- some of the hearts and kidneys examined were abnormal and to some 
degree infiltrated with varying amounts of depot fatty acids. | 

Lastly, the work (1) cited above on rabbits gave no case in which the 

iodine value of the liver fatty acids was not interpolated between 
those of the kidney fatty acids and the depot fatty acids. There — 
seemed, then, undoubted evidence that the fatty acids of livers, hearts 
and kidneys are more unsaturated than those of the depots; that in 
carefully conducted metabolism experiments on animals, confirmed 
by work on post mortem material, the liver fatty acids are intermediate 
in oxidisability: between those of the heart and liver, on the one hand, — 
and those of the depots on the other; and that the desaturation of the 
kidney fatty acids reaches a constant level. An apparent exception 
was to be found in work by Leathes() in which the fatty acids of the 
_ kidneys of cats had approximately the same nature as those from adipose — 
tissue and showed considerable variation from animal to animal. 
In view of this apparent exception to the three generalisations 
immediately above it was thought necessary to examine the problem 
ad hoc. 

Method. Cats from the usual source were kept at least a month, 
and oftener two or three months, on a liberal diet of milk, oatmeal 
and calf’s or pig’s pluck to obviate any gross metabolic disturbances. 
Precautions were taken to ensure that the health of the animal was good 
throughout the month previous to utilisation: The animals were chloro- 
formed, bled to death under anssthetic and the livers and kidneys 
excised. The livers were dissected free from any adipose tissue visible 
and the gall bladder and all the portions containing large vessels dis- 
carded. The remaining tissue was minced in a mincing machine and a 


portion weighed out and analysed for fatty acid according to a method 
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- described in an earlier paper(6). The kidneys, after removal of the adipose 
capsules, were decapsulated and the pelvis removed. This was accom- 
plished by cutting through the capsule along the extreme edge of the | 
greater curvature of the kidney and then reflecting the capsule and : | 
using itasa handle. By means of two cuts parallel to the pelvis through : 
the kidney, practically the whole of the pelvis could be freed from 
kidney substance and, with the fat deposited on the outside and the | 
major blood vessels, removed’. The kidneys thus deprived of any . 
adherent depot fat, of ureter pelvis and of large blood vessels, were 
weighed; a transverse slice passing through the mid points of the 
greater curvature and of the papilla was cut from each for histological 
purposes; and the remainders were weighed, cut up and analysed 
(usually separately) for fatty acid. Samples of fat for depot fatty 
acid were taken from the adipose capsules of the kidney and from the | 
mesentery, saponified in vacuo with alcoholic potash and the pure : 
non-volatile fatty acids obtained in the usual way. On all the samples 
of fatty acid obtained the iodine values were estimated by Wijs’ 
-method. Histological preparations, stained to show fat with Sudan 
III, were made from the right kidney in every case—from the agree- 
ment in chemical analysis between the. paired kidneys it seemed 
unnecessary to prepare sections from both. Details of the experiments 
are placed in an appendix, the more complete experiments only and the — P 
relevant facts being placed and discussed in the main body of the 

paper. 
Results. In the first place the percentage amounts and the iodine 
values of the fatty acids of the paired kidneys differed little. The 
right kidney has thé same percentage amount and the same type of 
fatty acid as the left.. The slight differences observed between them, 
which are just outside the error of experiment, are doubtless due to the 
impossibility of removing equal and symmetrical amounts from each 
kidney. In the tables, consequently, mean values are given, the 
individual values are to be found in the appendix. | 
In Table I the iodine values of liver fatty acids, mean value of the 
iodine values of right and left kidney fatty acids, and the iodine value — 
of the depot fatty acids are given. 
It will be seen that the two main expectations, #.e. that the iodine — 
- - 3 That this, a thing absolutely essential to the success of the experiment, was satis- 
factorily accomplished, is shown by the fact that the percentages and iodine values of 
the fatty acids closely approximated in right and left kidneys. = tS Re 
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values of the kidney fatty acids should invariably be high and constant 
and above those of the liver fatty acids, are by no means fulfilled. In 
three cases the iodine value of the kidney fatty acids is, it is true,a 
little above that of the depot fatty acids though in the remaining five 
it is below and in some experiments markedly below. And if the means — 
be taken of all the experiments this becomes obvious: the fatty acids 
of the kidney are more saturated than those of the depots, and - 
course 6 more — than those of the liver, 


Tass I. 
value of fatty acids 

20 62-2 
603 104-0 (right only) 
61-0 108-0 

60-2 824 600 
63:5 100 49-2 

59:6 42-2 
56-0. 94-4 52°8 

Mean 


61-2 


Now it can scarcely be claimed that this is due to any want of — 
previous preparation of the animal used. Indeed the nature of the 
fatty acids of the fat depots testifies against that. In only one case 
(Exp. 4) is there any marked deviation from the mean and even in that 
case it is not great compared with those of other experiments. For 
. Instance, in the experiments of Leathes quoted above, the iodine 
value of fatty acids from adipose tissue of cats varies between 59-1 
and 94-8, and in experiments by Coope and the writer(1), in rabbits 
that had been carefully kept on a constant dietary, there was a variation 
between 60-6 and 90-0. Throughout the literature such variations are 
met with. But in these experiments the variation is cut down con- 
siderably: an indication that one of the desiderata of the preparation 
period had been fulfilled, that of bringing the animals into equilibrium 
as far as fat metabolism is concerned. This however, apparently, 
" makes the unexpected results obtained still more difficult to explain. 
- But when we turn to the histological results and compare them with the 
percentage amounts of fatty acid found in the or a — | 
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Jn the kidneys examined the convoluted tubules always show some 
| fat present as demonstrated by staining with Sudan IIT (see Fig. 1). 
This is in accordance with the work of other observers. But there 

is a great variation among the kidneys of different cats. Some show a 

few globules of fat, others so much that to the naked eye the section 

looks very markedly red, and under the microscope is a striking object 

indeed (see Fig. 2). The convoluted tubules are crowded with globules 

as large or larger than the nuclei and the tissue is comparable in the 

region of the cortex with an active mammary gland(6). In some cases 


there is a dust-like fat globulation of the loops of Henle, similar to 
that described by Opie and Alford(?), after feeding rats on fat, and ) 
in other cases the presence of fat extends to the tubules in the medullary 
rays. But in contrast to Opie’s and Alford’s results it is the con- 
voluted tubules that show the greatest amount of fat. In no case is 
there any sign of necrosis of the tubules. The nuclei are normal and 
_ show a fine chromatin network. The epithelium shows no disinte- 
gration, is not ragged and is firmly adherent to the basement membrane. 
Apart, then, from the fatin the kidney cells there is no morphological 
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ground for thinking these kidneys abnormal, and it st once suggests 
itself that we have here a parallel phenomenon to that seen in the liver. — 


That organ as we know rapidly infiltrates with circulating fat, and it 
is possible that the cat’s kidney does so too. This suggestion is borne 
out by the fact that the amount visible under the microscope runs 
parallel with the percentage amount in the kidneys as is shown in 
Table If. The correspondence between the results in the second and 
fourth columns is close. | 


Tastz II. 
Mean percentage - Mean iodine 
234 71-2 
3-08 74:3 
3-43 62-2 
451 
6-18 52-8 
7-60 42-2 
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what is the origin of this fat? 
It cannot be from degeneration of the cell (morphological evidence is 
against that) and it cannot be depot or liver fat, for in many cases 
the iodine value of the kidney fatty acids is below that of the depots — 
and liver. There is of course the possibility of a transport of depot 
or liver fat to the kidney with subsequent combustion of the more 
desaturated fatty acids. But a more plausible suggestion is possible. 
The animals had been fed on abundant quantities of milk and there 
must have been large quantities of milk fat ciroulating 1 in the blood. 
Now it is well known that the fatty acids of cow’s milk have a low 
iodine value. The insoluble fatty acids have iodine values ranging 
from 28 to 31. Consequently if the kidneys become infiltrated to any 
extent with milk fatty acids the iodine values of the total fatty acids 
will be low, whereas if they remain uninfiltrated the results will remain 
moderately high. There will be a reciprocal relation between the 
percentage amount of fatty acids in the kidney and their iodine 
values. 


In Table II the experiments are artanged according to the ecmbaes ae 


amount of fatty acids in the kidneys and it will be seen at a glance that 
not only do the histological results agree closely, but the postulated 
reciprocal relation is obvious also. It is not absolute, but so close as — 
to be undoubted. The anomalous results obtained in the experiments 
above detailed are easily explained on the assumption that cats’ kidneys 
readily infiltrate with fat that is circulating in the blood. The subse- 
quent history of the fat is as yet unascertainable. In a few instances 
there are globules found in the lumina of the tubules (see Fig. 2) and 
- evidenee of “lipoid” vesicles(8) in the lumina has been given and | 
confirmed by independent observers. The possibility of a lipuria must 
not be overlooked, but so far the writer has collected no evidence on 
_ the point in the experimentS*quoted. We see, then, that the unexpected 
results reported above can be plausibly explained. by the assumption 
that the cat’s kidney readily and rapidly infiltrates with fatty material | 
of the food circulating in the blood. In this mai cat is unlike other 

animals 
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Discussion oF RESULTS AND Summary. 


‘ Throughout the above, the term fatty infiltration has been used in | 


the sense of a penetration of fat from without a cell into the latter's 


substance. This is one sense in which the term is generally used. 


But unfortunately there is another meaning in which it is used: that 
of the penetration of the connective tissue of an organ with fat. 
Adami(9) states “It must be clearly borne in mind that in all other 
parts of the body infiltration involves. the connective-tissue cells; in 
the liver, the connective-tissue cells are not affected, but the liver-cells 
proper.” Virchow(10), whose classical article on the subject laid the 
foundation of all subsequent ideas of fat infiltration and degeneration, — 
does not draw such a distinction. In Die Cellularpathologie i) he 
compares the undoubted fat infiltration of the liver due to diet (dis- 


_ govered by Magendie and Gluge, and Gulliver) to the infiltration 
of the intestinal mucosa with fat after a fat-containing diet, and 


the process he considers to be physiological. Other authors, though 
using the term fat infiltration for infiltration of the connective tissues 
of the pancreas, heart and muscles, do not assert that fat infiltration 
in the other meaning of the term is confined to the liver, but extend it 
to the suprarenal cortex (Delafield and Prudden(2)), and the kidney 
(Ribbert@s), Stengela4), Riesman and v. Hansemann(i5)). There 
is no prima facie reason why any cell in the body, except, perhaps, bone 
corpuscles, should not become infiltrated with fat. 

The differentiation by morphological means between fatty infiltra- 
tion and fatty degeneration is difficult, and the general consensus of 


_ Opinion is that in fatty infiltration the globules of fat are large and that 


the rest of the cell is normal. The nuclei and nucleoli are clear, and 
the chromatin normal and staining sharply. There is no raggedness 
of the cells, disintegration of cell substance or of the cells one from 
another. But the dividing line between a fatty infiltration and a 
fatty degeneration under the microscope is a difficult task to determine. 


Indeed Virchow(0) states emphatically that an absolute differentia-— 


tion is impossible. He writes: “Since I have entered upon this 
discussion I had best particularly lay stress on the fact that a lasting 
definite decision of this problem can be given by chemistry only.” 
Virchow’s conception of fat infiltration obviously can be extended, 
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and rightly pore a to the invasion of any cell by fat ean without 
and the phrase ‘‘fatty infiltration of the kidney” has the sanction, not 


only of logic, but of current usage. “And it is as true to-day, as in 


1847, that the differentiation between fatty degeneration and fatty 


infiltration by means of the microscope is almost impossible. Chemical — 


criteria are ultimately the only reliable criteria, though, of course, 
morphological criteria are useful in confirmation of chemical results. 


Consequently, while in the above research morphological results are 


utilised, it is she chemical data upon which the stress must be laid. 
Without the latter neither the infiltration could be definitely proved, 


nor could the source of the infiltration have been determined. crema , 


the kidneys would have been considered pathological. 


Summarising the results of the investigation briefly, we can state 


that cats’ kidneys show a marked exception to the general rule of high 
iodine value fatty acids in the kidney. In a few cases when the amount 


of fatty acid is at its minimum (from 2-8 to 3-5 per cent. of the fresh — 
tissue) the iodine value of the fatty acids is a little above that of the 
depot fatty acids, but is always markedly less than that of the liver — 
fatty acids. In some cases the kidney fatty acids are more saturated 


than those of the depots but this is plausibly explained by assuming 
that the cat’s kidney infiltrates, as regards its convoluted tubules 
(and at times the straight tubules of the medullary rays), with fat that 


is circulating in the blood. With a dietary rich in fat the kidneys of — 


the cat are frequently seen to be infiltrated with fat, the amount being 
at times quantitatively three times that of the minimal amount. The 
_ evidence for infiltration is both morphological and chemical. 


Exr. 1 Cat. Body wt 1786gms, Animal thin, with very little adipose tissue 
even in mesentery. Owing to losses in estimation, percentage fatty acids in tissues not 
obtained. JTodine values of fatty acids: liver 96, kidneys (analysed together) 61. 


Exp. 2. Cat. 2721 gms. Animal very fat but not pregnant. Liver, to the naked, 


eye, obviously infiltrated. Depot fat taken from around kidneys. Percentage values 
of fatty acids: liver 19-44, kidneys 3-43. Iodine values: liver 82, kidneys (analysed 


- together) 62-2, depots 58-2, Histology (right kidney): fat present especially in blood 


vessels, in some convoluted tubules (? second) and in some straight tubules. 

Expr. 3. Cat. 1529 gms. Animal has moderate amount of adipose tissue. Depot 
fat from around kidneys and from mesentery. Percentage fatty acids: liver 2:55. — 
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Expr. 4. Cat. 1758 gms. Depot fat from mesentery and adipose capsule. Per- 
centage fatty acids: liver 3-01, right kidney 2-84. Iodine values: liver 104-0, right 
kidney 71-2, depots 69-3. Histology (right kidney): small amount of fat in (second 1) 
—— eee Present in blood 
vessels. 


Exp. 5. Cat. 2889gms, Fine animal. Kidneys slightly pale but otherwise normal. 
Depot fat from mesentery and kidney capsule. Percentage fatty acid: liver 2-48, right 
_ kidney 9-23, left kidney 9-25. Iodine values: liver 108, right kidney 35-6, left kidney 
35-2, depots 61-0. Histology (right kidney): convoluted tubules crowded with fat, 
Some present in blood vessels. None elsewhere. 


Exp. 6. Cat. 2004gms. Liver obviously infiltrated with fat; plenty of fat in 
mesentery and around kidney. Depot fat from mesentery and kidney capsule, Per- 
centage fatty acid: liver 13-12, right kidney 3-86, left kidney 3-91: Iodine values: 
liver 82-4, right kidney 52-1, left kidney 47-95, depots 60-2. Histology (right kidney): 
convoluted tubules (first and second) have medium amounts of fat. There were vacuoles, — 
too, in their cells. A few straight tubules show fat. Doubtful in blood vessels. 


Exp. 7. Cat. 2676gms, Had had ‘La Grippe’ more than a month before the 
experiment was made, but now quite normal. Plenty of fat in mesentery and around 
Liver apparentl Depotfatsfrom usualsource, Percentage fatty acid : 

liver 3-71, right kidney loss (above 4-32), left kidney 4-51. Iodine values: liver 100, 
right kidney 47-7, left 60-6, depots 63-5. Histology (right kidney): all but a few convoluted 
tubules are dotted with fat, the second appearing to have more than the first. A few 
Fat present 


in blood vessels but doubtful in tubule lumina. 


fatty acids: liver 3-03, right kidney 7-66, left kidney 7-53. Iodine values: liver 98-0, 
right kidney 42-9, left kidney 41-4, depots 59-6. Histology (right kidney): first convoluted 
tubules contain large amounts of fat in large drops iri the cell, some, too, in the lumina. 
‘Second convoluted tubules contain somewhat less. ee In 
ascending and descending tubules nil. 


‘Exp. 9 Cat, 3119 gms. Animal very fat but otherwise normal. Depot fat from 
usual source, Percentage fatty acid: liver 4-25, right kidney 3-17, left kidney 2-98. 
Iodine values: liver 93-4, right kidney 76-1, left kidney 72-4, depots 61-6. Histology 
(right kidney): moderate amount of fat in many convoluted tubules—also in lumina. 
None in the loops, straight tubules or elsewhere. ee ee ee 
convoluted tubules, 


Expr. 10. Cat. 2376gms. Average animal with Depot 
fate from usual source. Percentage fatty acids: liver 3-99, right kidney 6-18, left kidney 
5-43 (some lost). Iodine values: liver 94-4, right kidney 52-8, left kidney 52-8, depots 
56-0. Histology (right kidney): fairly large amount of fat in all convoluted tubules, 
and faint granules in the descending tubules. Some fat in blood vessels in pelvis and 
elsewhere. Doubtful in lumina of convoluted tubules. 
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THE EFFECT ON HIGHER ANIMALS OF THE 
STERILISATION OF THE INHABITED MEDIUM, 
THE AIR AND THE FOOD. By I. KIANIZIN, 
Professor of the I mperial University of Odessa. 


Tue effect of micro-organisms on higher animal life is a subject on which 
much difference of opinion still prevails. I have been engaged in 
investigating the subject at intervals since 1894, and as it is one of wide 
biological importance, I have recently made ‘a further set of experi- 
ments in conjunction with my assistant. Dr E. Dobrovolsky. A short 
account of these I give in this Paper together with some remarks on 
the investigations of other workers. , 

I may recall that in 1894 I”) made experiments on the effect on the 
assimilation and dissimilation of nitrogen in mammals of sterilising 
the air and the food supplied them, and I found amongst other results 
that it decreased the nitrogen assimilation and soon caused death. 
In subsequent investigations (2) I came to the conclusion that the micro- 
organisms contained in the air are absolutely necessary for normal 
metabolism and for life. 

I showed that the shortening of life was not caused by insufficient 
ventilation, hunger, or formation of CO in the process of sterilising 
the air. In ‘explanation of the effect of sterilisation, I put forward 
the theory of which I give a summary on p. 393. 

_ Since this theory has as its starting-point the occurrence of a 
decreased nitrogen assimilation and an. increase of leucomaines in 
animals supplied with sterilised air, the additional experiments. per- 
formed by Dr Dobrovolsky under my direction were chiefly directed 

to these points. | 

The method employed was the same as that I have already described 
in the Archives de Biologie, xv1. p. 663, 1900, and in Virchow’s Archiv, — 
ouxir. 1900. In these Papers the apparatus is figured. Here it is 
only necessary to say that the air supplied to the animals was 
first completely sterilised by being passed twice through heated sand, 
that it passed from this —— sterilised hygroscopic cotton wool 
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in order to cool it, and then through peptonised meat broth to test the | 
sterilisation. The vessel in which the animals were kept had a volume 
of 50 litres, the air of which was renewed every 25-50 minutes at 


Teast. The results of my new experiments are given in Table I. 


These results confirm my previous experiments. They show that 
deprivation of the supply of micro-organisms results in imperfect 
oxidation, that, even in a few days, it causes weakness in the animal, 
and in some cases death. The weakness and death may fairly be 


attributed to auto-intoxication by the accumulating leucomaines. 


‘ The decrease in oxidation I take to be due (on the lines of Armand © 
Gautier’s theory of cell-oxidation) to a decrease in the formation of | 
oxidising ferments (oxidase and catalase). Since the decrease is 
brought about by sterilising the air I consider that the micro-organisms 
of the air are taken and digested by leucocytes, and that as a result, 
oxidising ferments are formed in the leucocytes. With regard to the 
latter point it may be mentioned that Portier(s) advocates the view 


_ that oxidases are found only in leucocytes. 


Since the publication of my first account in 1894, several papers 
have been published on the effect on the nutrition of higher animals 
of the exclusion of micro-organisms. These I may briefly review. _ 

Observations were made by Nuttall and Tierfelder(4) in 1895-7 
on guinea-pigs obtained by Caesarian section, supplied with sterilised 


_ air-and fed on sterilised food. They concluded that micro-organisms 


were unnecessary for nutrition. The observations were however few 


_ and in one case only was it continued for ten days. I showed in 1898 


that birds (pigeons) live longer than mammals in sterile conditions. 
The animals at the end of the period of observation were said by 
Nuttall and Tierfelder to be in good health, but the conditions 
of the experiment did not allow a satisfactory comparison to be made 
as to the rate of growth (if any) compared with ordinary normal guinea- — 
pigs. Further the means taken to sterilise the air do not seem to 
me. to have been adequate. 

_ An important ‘series of experiments was begun by Shottelius(5) 


1898. Hen’s eggs were sterilised by treatment with corrosive subli- 
mate, and the chickens when hatched were protected from bacteria 


and fed on sterilised food. Other chickens of the same brood served 
for controls. The control chickens increased’ 150 p.c. in weight in 
17 days, whilst the chickens brought up in the absence of bacteria 
increased 24 p.c. in the first 12 days and then lost 20 p.c..of the original 
weight in the next five days. Similar experiments with similar results 
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were made by Shottelius in 1899 and 1900. The longest time of the 


survival of a chicken without micro-organisms was 30 days, most died 

much earlier. It is to be noticed that the chickens brought up in the 

absence of bacteria showed extraordinary voracity and were much 

larger than the controls, but nevertheless they lost weight and became 
ively weaker. 


A little later Shottelius varied his experiments and tried the 
effect of adding intestinal bacteria (Bacidlus coli communis of dog and | 


fowl) to the food of chickens kept otherwise free from micro-organisms. 
The addition of the bacteria prevented or stopped the loss of weight 


and the growth became more or less normal,—a result directly opposed — 


to the well-known views of Metchnikoff on the influence of bacteria 


in the large intestine. The influence of intestinal bacteria on digestion 
has also been recognised, on the ground of their own experiments, by 


Kurpjuweit, Mereskowsky, Tissier, Jacobson and others. 
Shottelius attributed the death of the animals fed on. sterilised 


food to the disturbance of digestion and the loss of weight. On analysis : 


of Shottelius’ results we find that death occurred with a maximum 
loss of weight 36 p.c. and sometimes with a loss of only 20-23 p.c. 
The death then cannot have been due to hunger, for the observa- 
tions of Chossat, Manassein, and others have shown that death 
from. hunger requires a loss of weight of 45-57 p.c. Moreover in my 


experiments the animals supplied with sterilised air and fed on sterilised 
food commonly died much sooner than they would have done on — 
hunger alone and the experiments both of myself and of Charrin and | 


Guillemonat (cp. below) show that an important part must be played 


by the qualitative modifications in the nitrogen exchange of the animals. 


The experiments most like my own are those of Charrin and 
Guillemonat(é) in 1901. They made observations on the effect on 


guinea-pigs of sterilising the air and the food. Their apparatus was — 
arranged so that the experimental and the control animals—two to — 
four at a time—could be observed simultaneously. The results 


obtained by adding the figures of the different series of experiments 


_ are as follows: of 27 experimental animals, 19 died (70-37 p.c.), whilst — 
of 29 control animals only 10 died (34-48 p.c.). The average of the 


daily loss of weight of the experimental animals was 13, 14 and 12 grms., 
and it was only three tines out of fourteen that a greater loss of weight 
was observed in controls. The ratio N. of urea: total N. in the urine 


was lower in most cases in the experimental animals, though the differ- 


ence, as the difference i in — was not _ The results obtained 
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are thus similar to those obtained by me, though they are less striking. 
But it must be borne in mind that in Charrin and Guillemonat’s 
experiments the air was only sterilised by being passed through cotton — 
wool, whilst in mine the air was sterilised by heating. In fact, in their 
experiments, as they themselves mention, the air was not always 
completely sterilised. Further the number of deaths in the control 
animals suggests that the conditions as to ventilation and food were 
not satisfactory. 

In 1901, Mme Metchnikoff(7) worked on the developament of 
tadpoles of Rana temp. in ordinary condition and in a sterilised medium - 
with sterilised food. They were kept alive for various periods up to 
79 days. The sterilised tadpoles were less in weight and in length — 
than the controls, and in general they were very markedly less. Similar 
results were obtained by Moro(8) working with the larve of Pelobatus 
fuseus. Thus the absence of micro-organisms had a distinctly dele- 
terious effect on nutrition. 

Lastly observations have been made by Cohendy 9) (1912). He 
experimented, as Shottelius had done, on chickens obtained from 
sterilised eggs. He compared the general condition and weight of — 
(a) sterilised chickens supplied with sterilised air and fed with sterilised 
- food, (6) chickens from sterilised eggs, infected, fed with sterilised 
food and kept in conditions similar to those of (a), and (c) chickens 
treated normally. The observations lasted for various periods up to 
45 days. He found that both (a) and (6) chickens grew much less — 
and were very weak compared to the normal chickens, but he states 
that there was no great difference between the chickens (a) and (b), _ 
and he concludes that a complete absence of micro-organisms does 
not in itself entail any decay in higher vertebrates. | 

Cohendy’s results have been criticised in detail by Shottelius(o) 
who points out that the data given by Cohendy do not justify his 
conclusions. With this criticism I agree. The marked difference 
between chickens (a) and (6) and the normal chickens is referred by 
Cohendy to differences in their surroundings; the natural inference 
seems to me to be that it was due to the difference in the number of 
micro-organisms in the two cases. I may add that I have found that 
air passed rapidly through cotton wool is not completely sterilised, 
and that in my opinion if the air supplied to the chickens (a) had been 
completely sterilised a great difference would have been totind between 

these and 
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Summary ‘AND 


In my nites experiments I found that higher widinaih soon died 


when micro-organisms were absent from the air and food, the length 
of life varying in different animals. The experiments of Shottelius, 
Charrin and Guillemonat and Mme Metchnikoff all show that 
the absence: or partial absence of micro-organisms has a deleterious 
effect on nutrition, and I contend that the same is the case with the 
experiments of Cohendy. I attribute the more fatal effects observed 
by myself to a more complete absence of micro-organisms in the air, 
and hold to my former conclusions _ the micro-organisms of air 
‘ are essential to life. 

Further evidence is given in this Pie that in the absence of 
_ micro-organisms an imperfect assimilation of N. compounds occurs 
and a large increase of leucomaines. The facts support the conclusion 
_put forward by me in 1900 that the micro-organisms of inspired. air 
_ are taken up by leucocytes and are the source of an oxidising mrment | 
(oxydase, catalase). 
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SPEECH WITHOUT USING THE LARYNX. 
W. SCRIPTURE. 


_ Sunce the publication of an account of speech without a “lacie by. 
-Czermak in 1859, cases of this kind have been observed repeatedly. 
It has been reported of several of them that they could speak with a 
fair degree of audibility and could produce sounds that seemed to have © 
‘something of a laryngeal tone in them, Happening to meet such a 
case I thought it would be worth. while to make a record of the speech 
: beter a view of investigating the source of this apparent laryngeal tone. 


‘Fig. 1. speech by the Phonautograph. 


7 The girl, F. H., seventeen years old, had eedeenonn tracheotomy 
at the age of three. Ever since that time she has breathed through | 
a tracheotomy tube and has been unable to breathe when the tube is 
stopped. or removed. Observation with the laryngoscope shows that 
the top of the pharynx is closed over the larynx and no air passes 
through. On retching the larynx is brought up and becomes visible. 
Under no circumstances can she make any air pass through the larynx. 
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She can speak quite distinctly and correctly in a faint, almost toneless 


voice. Such a condition seems quite astonishing, because all speech 
sounds require breath. Without breath the person may go through 
all the movements of enunciation but he will produce no sound; his 
speech is visible but not audible. 

The patient’s method of producing audible speech was studied with 
the aid of the phonautograph. In this method the person speaks 
into the mouthpiece of a wide tube leading to a flexible membrane. 
The movements of the membrane are amplified by a light lever and 


ana Record of ‘ah-ah-ah-ah’ sung on the notes ¢, ¢, g, c’ a 


Tegistered on a blackened revolving surface. The arrangement is 


shown in Fig. 1. 
_ A record of ‘ah-ah-ah-ah’ sung on ‘the notes ¢, ¢, g, c’ by a normal 


female voice are reproduced in Fig. 2. The small waves record the — 


voice tone, or the vibrations from the glottis. They become shorter 


in each successive record as the tone is raised; in the last note they 


are just half as long as in the first one. The waves run along erenly 
and smoothly as is usual in normal voices. _ 


_ A record of ‘ah-ah-ah-ah’ sung on the notes c, e, g, ¢ by F. H. is 


Feproduced im Fig. 3. 
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efforts at intake of air. This is followed by quite regular waves. The 
succeeding records of ‘ah’ show faint and fairly regular waves. These 


waves become successively shorter as the pitch is raised. 


Careful observation of F. H. reveals the mechanism by which she 
produces these tones. A movement of the muscles at the side and 
front of her neck, just under and behind the jaw, can be seen from the 
outside; the movement is of a kind that might contract the pharynx. 


of her larynx. The fall in the line at the start shows that air is being taken into the 
mouth. The following rises and falls show that air is sometimes emitted and 
sometimes taken in. Finally there is a rather explosive puff followed by fine waves. 
These waves are quite regular; they were heard as a tone. They record the tone 
- of the voice. In any other record they would be attributed to the vibrations of the 
vocal cords; here they are due to vibrations of a kind of artificial glottis formed 
by the tongue against the velum. The shortening of these waves in the succeeding 
records shows that this tongue-velum glottis can be adjusted to produce notes of 
different pitch. The irregularities in the last line show that the vibration is not so 


| With: the mouth open the tongue can be seen to be raised tightly against 


the rear edge of the palate and the front part of the velum (Fig. 4). 
There is some slight movement on attempting to change the pitch. 
The mechanism is evident. The air in the pharynx is compressed; 
it is allowed to escape.between the tongue and the velum in such a 
way as to produce a tone. The tone is produced by causing the surfaces — 
of the tongue and the palate to vibrate somewhat as the vocal cords 
do. The change in pitch is produced by changes in the tension. In . 
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short, the lacking glottis is replaced by an imitation glottis formed 
by the tongue and the velum. 
' .- It might be asserted that the tone is produced by arousing the 
vibrations of the resonance cavity of the mouth just as by blowing 
across the opening of a bottle, and that the change of tone is produced 
by altering the size of.the cavity. This cannot be true, because altera- 
tion of the size of the mouth cavity changes the character of the vowel. 
A normal person can raise the tongue against the palate and produce 


@ rough tone by forcing the breath through; he can also.raise the . 


tone, but as he does so the vowel changes from ‘ah’ to ‘ee.’ He can 


also produce arid raise the tone with an ordinary whisper and with | 


collected by. enlarging the lower pharynx. ‘The back of the tongue is raised against 
the velum. The contraction of the lower pharynx presses the air out between the 
tongue and the velum, producing a tone. The pitch of this tone is regulated by 
muscular contraction of the tongue and velum. 


the same result. This patient keeps the ‘ah’ quality throughout; 


therefore the tone she produces is not a cavity tone. There is addi- 
tional proof that the tone she uses is not a cavity tone. Such tones 
are of much higher pitch; they never register with the phonautograph. 
The record in Fig. 3 shows definite waves; these must have been 
produced by some body equivalent to the larynx. 

The different vowels are produced by F. H. by varying the mouth 
cavity. For ‘ah’ the mouth is open. The vowel ‘oh’ starts with a . 
rather open mouth but the lips are soon rounded. A similar move- 
ment produces ‘oo.’ For ‘awe’ the lips are rounded and then opened. 
For ‘eh’ and ‘ee’ the appropriate lip positions are taken; the vowel 
‘ee’ is specially distinct. To produce the occlusives ‘p, b, t, d’ etc., 
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the breath is cut off for a moment at some point in reer air passage. 
A normal record of ‘ bape ’ with both syllables equally accented is shown 
in Fig. 5. During ‘p’ the lips are closed and the glottis open; during 


Fig. 5 (upper tracing). Record of ‘papa’ by a normal female voice. The Macht 

- line at the start registers the time during which the lips are closed and no breath is 

emitted. The sharp upward jerk is due to the sudden puff of air that escapes as the 

lips are opened. This is followed by the fine waves that register the vibrations of 

for the vowel. The sudden fall registers the 
Closure of the lips for the second ‘p,’ and so on. 


Record of ‘papa’ by F. H. 
shows the variation in taking in air in order to supply air for the word. The straight 
__ line for the time during which the lips are closed (the occlusion) in the ‘p’ is followed 
by a sharp and rather forcible jerk upward that registers the explosion as the lips 
_, open... The fairly regular small waves thereafter register the vibrations of the vowel 
_ that were produced by the tongue-velum glottis and not the real one. As much of 


the vowel the mouth is open and the glottis is vibeabing: A poe 


4 of ‘papa’ by F. H. is given in Fig. 6. The air ‘swallowed’ into the 
‘pharynx is used to produce the explosions for ‘p’ and to vibrate the 
| tongue-palate glottis that imitates the laryngeal vibrations of the vowels. 


4 A record of ‘tata’ by F. H. is shown in Fig. 7. It reveals a marvel 
s Fig. 7. Record of ‘tata’ by F. H. The downward movement of the line registers the 
x intake of air into the pharynx. This is followed by a straight line for the time during 
4 which the point of the tongue is closed against the palate (the occlusion), The sharp 
_ ‘jerk upward is produced as the tongue releases a puff of air (the explosion). Not 
Ps long afterward the faint vowel waves appear. These are produced not by the larynx 
C | but by the vibration of the back of the tongue against the velum. To get the tongue 
a in this position its tip must be released at the end of ‘t’ and the back must be raised ; 
e this is what is happening during the time of the rather irregular | line after the uss 
sion of ‘t’ and before the vowel waves. 
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of skill. in vocal mechanics. After making ‘t’ ip 


against the palate to produce an occlusion and an explosion, the tongue — 


rapidly readjusts itself to a new position in order to form the imitation 
glottis required for the following vowel. 

The patient always made a distinction between ‘p’ and ‘bh,’ *t’ 
and ‘d,’ ete. In normal speech the greatest difference lies in the 


absence of laryngeal vibrations in ‘p,’ ‘t,’ ete., and the presence of them — 


in ‘b,’ ‘d,’ ete.; the patient could not make this difference. Another 
difference lies in the fact that in normal speech the explosions are 
stronger for ‘p,’ ‘t,’ etc., than for ‘b,’ ‘d,’ etc. This latter difference 
‘was H. as may. be seen in comparing the 
record of ‘baba’ in Fig. 8 with that of ‘papa’ in Fig. 6. 

A normal ‘1’ is made by passing air along one or both edges of the 


tongue while the larynx vibrates. F. H. produces the rubbing sound © 


of the air along the passage but cannot use her pseudo-glottis at the 


‘ 
Fig. 8. Record of ‘baba’ by F. H. There is less violent intake of breath than in Fig. 6 
because there is less needed for “babe” than for” pepe.’ The explosions are weaker. 


same time. Her ‘1’ is therefore toneless or surd, It sounds exactly 


like the surd ‘Il’ in Welsh. 

The nasals are prodnoed like the corresponding occlusives but there 
are no explosions. ‘Mama,’ ‘nana’ and ‘sing’ sound like ‘papa,’ 
‘tata’ and ‘sick.’ 

The patient has such. skill in using the pharyngeal air supply that 


she can speak quite long sentences. Fig. 9 shows a record of ‘Peter 


Piper’s peppers.’ The ‘p’s’ are all very sharply and forcibly made 
_ but they gradually become weaker as the air is exhausted. Except 

in this zeapect and in the faintness of the vowel waves the record does 
‘not differ from a normal one, 

Three years ago I reported a case of laryngectomy of a man of 
sixty-five. His speech was ‘quite inaudible after the operation. To 
_ produce the explosive ‘p’ he was taught to close his lips and compress 
the air in his mouth and pharynx by tension on the cheeks and in the 
back of the throat. On opening the lips there was a puff of air that 
produced a quite audible ‘p.’ For ‘t’ he placed the point of the tongue 
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the closure of the tongue he produced a distinct ‘t.’ For ‘k’ the . 
back oF the tongue was raised. and released with pressure in the same 
way. 

In siuiiad speech ‘b,’ ‘d,’ ‘g’ are distinguished from ‘p,’ ‘t,’ ‘k’ 
mainly by the presence of a tone from the larynx. This patient could — 
not produce a tone and the sounds could not be distinguished. He 


‘was taught to give the puffs of air through the cannula for ‘b,’ ‘d,’ 


‘g’ and thereby to make a distinction between the two groups of sounds 
by adding a rushing noise to one group. | 


Fig. 9, Record of *Peter Piper’s peppers’ by F. H. The lower part of the figure follows — 
on the upper part. Each ‘p’ has a sharply marked occlusion and a well-defined 
explosion. The explosion Weaker for the last ‘p’ it is hardly 

visible, There is practically no ‘s’ for ‘Piper’s’ but there is an exaggerated one at 
might be safely used. 


- For the vowels there was no closure of the mouth that would enable — 


_ this patient to compress any air; consequently the vowels were blanks 


and his speech consisted wholly of consonants.. He was taught to 
give pufis from his cannula during the vowels, whereby they became 
distinguishable from pauses. 

_ The patient died in a few months by extension of the carcinomatous 
growth. He did not have time to learn—and at his age would probably 
never have been able to learn—the really remarkable mechanism that 
F. H. has developed of her own accord. 3 
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WAVES OF CONTRACTION IN MUSCLE. 
J. N. LANGLEY, 80.D.; F.RS. 


(From the Physiological - Laboratory, Cambridge.) | 


Stow waves of contraction in mammalian muscle were described iy 
Schiff! in 1858. He observed that on mechanical excitation of muscle 
a short. time after the death of the animal, a slow wave of contraction | 
proceeded from each side of the point struck, and on arriving at 
the end of the muscle was reflected backwards; in the meantime 


another wave had been set up at the stimulated spot and crossed the _ 


reflected wave which was in its turn reflected. This play of waves 
of contraction gradually died out. Schiff considered that the waves 
were a slower form of the normal rapidly travelling wave which pro- 
duced tetanus. Since that time a considerable number of observa- 
tions* have been made on the slow waves of contraction set up by — 
mechanical stimulation. It has been shown that they may oecur in 
normal muscle, that they may follow one another at short intervals. 
that they can be produced in some muscles of the frog, that reflected 
waves are often absent, and that a rather high degree of irritability is 
favourable, if not necessary, for their production. It has been suggested — 
that the contraction is a sarcoplasmic and not a fibrillar contraction. 
Slow waves of contraction have been found to occur spontaneously 
in various insect muscles, excised and examined under the microscope, 
and also in the dying muscles of Corethra larve. These waves are 
apparently of the same nature as those in vertebrate muscle, notwith- 
standing that some reduction of irritability is said to be necéssary 
for their production. Lastly short, slowly travelling waves were shown 
by Kiihne and others? to pass from the positive pole during the pore? 
of a strong galvanic current through muscle. 
So far as I know the occurrence of such waves as a result of shateieel 
stimulation has not been described. Rome Years ago, in applying 


1 Lehr. a. Physiol. 1. p. 26. 1858-9 (Lahr), 
* An account of these observations is given by Biedermann. Blatro Phy. : 
English Trans. by Welby, 1. p. 153 et seq. and p. 273. 
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‘SLOW CONTRACTION WAVES. £05 


nicotine locally to frog’s muscle I occasionally observed that. dilute 
nicotine (about -01 p.c.) set up a brief series of short, slowly travelling 


waves of contraction in the rectus abdominis muscle. . It ‘occ 


however very rarely, In 1914 in the course of observations upon the 
effect of sodium sulphocyanide, I found that the waves could be produced 
with considerable constancy, and since that time I-have looked for them 
in observations made for other purposes on mammalian muscle. — 

If in summer, the sartorius. muscle of a pithed. frog is exposed, 
blotted, and a small drop of 2 p.c. sodium sulphocyanide in Ringer’s 
fluid be placed on the muscle, a series of short waves of contraction, 
quickly following one another and close together, pass from the edges 
of the drop in both directions. In speaking of. these waves as 
travelling slowly, it must be understood that this description is simply 
relative to the rate of travelling of the contraction in a muscular twitch; 
to the eye the waves as a rule travel rapidly and can only just be followed. 
They are better seen with a dissecting lens, They usually die out 
suddenly before reaching the end of the muscle fibre and I have not 
in any case seen them reflected from the end. After'a certain degree 
of exposure of the muscle, slow waves are not obtained, although local 
tonic contraction and twitching are still produced, and tetanus is readily 
caused by electrical stimulation.. On'the other hand in very irritable 
muscles the twitchings are so strong as to obscure the waves, so that 
they are best seen when the irritability is somewhat reduced, a state 
which can be obtained by exposing the muscle for a short time. Several 
series of waves are often seen to start at slightly different times from 
the edges of the drop of sodium sulphocyanide; each series probably — 
starts in a separate fibre, for in examining the sartorius: under a low 


_ power of the microscope, I have not seen two sets of waves to be set 


up by one drop in one fibre; in any one fibre there were usually about 
half-a-dozen waves, and then quiescence; a fresh series of waves can 
be started by applying another small drop of the solution a little farther 
on; the waves starting from the second drop, if they reach the first drop, 
are blocked by the tonic contraction in. this region. If the drop of 
sodium sulphocyanide exceeds a certain small size, it is apt to set up 
a rapid fibrillation not quite easy to numerous 
waves, 

The slow waves of contraction can ce set up in the nerve free ends 
of the sartorius as well as in the middle. region, but the knee end is 
less responsive than the pelvic end; they:are not prevented by curarisa- 
tion. The ease } with which they can be set up varies in different 
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muscles, they are readily obtained in most of the leg muscles and in — 


- the muscles attached to the sternum, but I have not seen them in the 
sub-maxillary muscle. When a muscle is immersed in 2 p.c. NaCN§, 
slow waves are not seen, the strong tonic contraction produced through- 
out the muscle either prevents their being set up or prevents their 
propagation; as I have said on punctiform application the waves 


start from the edges of the tonically contracted spot and travel away 


from it, they are not seen im the spot itself. 

The minimal percentage of sodium sulphocyanide which will rbdnve 
the effect varies in different frogs; as does excitability in general. 
I have sometimes seen waves of contraction to be set up by a 1 p.c. 


solution, but very rarely by -5 p.c. and none by a more dilute solution. 


In the cat I have occasionally seen slow waves of contraction. 
In one case, the minimal tetanising current required to cause contraction 
when applied directly to the muscle was being determined. At one 
spot it was found that very weak currents, somewhat above the 
threshold, applied for a few seconds, set up a series of short waves of 
contraction, lasting about 5 seconds after the stimulation had ceased ; 
the spot was °75 cm. from a tendon and the waves in this case appeared 
to be reflected from the tendon end. 


In another case 25 mgms. of eserine salicylate had been injected, 


the peroneal nerve was stimulated several times with strong tetanising 


currents in order to observe the fibrillation occurring after a certain 


degree of fatigue’. In the stage in which stimulation still caused strong 
initial contraction of the tibialis anticus muscle, immediately followed 
by partial relaxation, the initial contraction was succeeded by fibrilla- 
tion lasting for a few seconds, and during this time a number of the 
fibres showed short waves of contraction. 

In a third case, the peroneal nerve 38 days after being ligatured 


was found on stimulation to cause contraction in the muscles supplied — 


by it. The injection of eserine, 5 and later 10 mgms., caused a few 
fibrillar twitchings in the extensor digitorum communis, and these 
were accompanied in one spot by very distinct waves of contraction. 
Marked waves of contraction were also observed in a small bundle 


of fibres on stimulating the nerve; they continued for some seconds | 


after the cessation of the stimulus. 

In the rabbit’s gastrocnemius I have twice seen slow waves of 
contraction lasting a few seconds, once soon after exposure of the 
‘muscle, and once after injecting eserine “5 p.c. into the muscle. 

* Langley. Proc. Physiol. Soc. p. xxvi. 1916 (This Journal, 1.). 
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In the previous observations on vertebrate muscle, the slow waves 
of contraction have generally been produced by strong stimuli, either 
mechanical or electrical, rapidly causing fatigue. A 2 p.c. solution of 
NaONS is a violent stimulus and in no long time causes death. Weak 
tetanising currents, physostigmine, and nerve stimulation, regarded as 
stimuli, are of a different order of violence, so that when these set up 
waves of contraction they no doubt do so in consequence of some 
previous modification of the muscle substance. The mode of action of the 
several stimuli is however not clear. The fact that the slow waves 
of contraction set up. by mechanical stimulation or by sodium sulpho- 
cyanide are preceded by local tonic contraction—the idio-muscular . 
contraction of Schiff—suggests that they may be caused by chemical 
substances formed during the tonic contraction; but since in the frog 
many chemical substances cause the local tonic contraction without 
setting up the slow waves, it seems more probable that these stimuli 
act directly. On the other hand, in the cases mentioned above of the 
production of slow waves of contraction in the cat, it seems more 
probable that the stimuli acted indirectly by means of some metabolic | 
substance or substances formed in tetanic contraction. In any case it 
is interesting that nerve stimulation may in certain circumstances give | 
rise to these slowly — waves, 
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THE ACTION OF SODIUM SULPHOCYANIDE ON 
‘MUSCLE. By J. N. LANGLEY, FRS. 


(From the Physiological Laboratory, Cambridge.) 


Tr was found by Miss Worthington! that sodium sulphocyanide had 
a special action on frog’s muscle, Her observations were made upon 
the gastrocnemius. A 2p.c. solution of sodium sulphocyanide in 
Ringer’s fluid caused strong primary contraction of the gastrocnemius, 
followed by contracture, and by frequent twitchings. An isotonic 
solution (1 p.c. in distilled water) caused no primary contraction and 
the twitchings were less frequent, Miss Worthington also investi- 
gated the effect of curari and of denervation on the sodium sulpho- 
cyanide action. Her results were that the action was abolished by 
curari, and might be abolished before the nerve was completely para- 
lysed, that it ceased to be obtained as early as seven days after section 


of the sciatic, i.e. at a time when stimulation of the sciatic readily 


caused contraction. — 

The bearing of these results upon the question of the point of 
action of drugs led me in the summer of 1914 to investigate the action 
of sodium sulphocyanide. Since that time I have repeated most of 
the experiments, but as will be seen some of them raise points that 
require further investigation. The experiments were made in the 
months of May to October inclusive. 

Immersion in 2p.c. NaCNS. The degree of effect, as with other 
drugs causing twitching, is greatly dependent on the condition of the 
frog. All the muscles of the frog when taken in summer from freshly 


caught active animals immediately after death and placed in 2 p.c. 


solution of NaCNS made up in Ringer’s fluid contract promptly. There 


are one or more brief clonic twitchings accompanied by tonic contraction, 


by fascicular and often by fibrillar twitchings. The effect lasts a few 
minutes only. The direct irritability of the muscle is decreased, and 
in a few hours is abolished—the time varying with the thickness of the 


1 Proc, Soc, Exper. Biol. and Med. 1x. p. 88. 1912. 
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muscle. The muscle though not irritable remains for a time Rink on 
parent. In frogs which have been kept in the laboratory, the effect 


of the solution may be much less, though it is impossible to say before- 


hand how much less it will be. Clonic contractions are more frequently 
absent than the fascicular and fibrillar twitches; tonic contraction is 
always obtained, though it may be more sluggish. In the gradual 
decrease of irritability which occurs in frogs after death there is a 
stage in which stimulation of the nerve still causes contraction but in 
which immersion of the muscle in 2 p.c. NaCNS does not cause twitching 
but tonic contraction only. 

The response of different muscles is unequal, but this is better brought 
out by weak than by strong solutions. The gastrocnemius usually 
gives, as described by Miss Worthington, a strong primary con- | 
traction, 4.c. a tetanic twitch, the muscle bending to the deep surface, 
but even in freshly caught frogs the tetanic twitch is not always obtained. 
The tonic contraction is shown by the bending of the Achilles’ tendon 


towards the deep surface of the muscle. The sartorius and rectus 


abdominis muscles when placed in the solution at once double up and 
become twisted, the twitches cease earlier than in the gastrocnemius 


no doubt mainly because these muscles are thinner; owing to the 


parallel course of the fibres, the shortening of the muscles caused by 
the tonic contraction is very much greater than in the gastrocnemius. 
In a few experiments made by the graphic method, the force of the tonic 
contraction in the rectus abdominis was less than that with -01 p.c. 
nicotine. 

Immersion in NaCNS 1 p.c. or less. The solutions were made up 
in Ringer’s fluid. The gastrocnemius muscle, as said by Miss 
Worthington, does not—usually at any rate—give an immediate 
tetanic contraction on immersion in 1 p.c. solution. There is however 
some tonic contraction. The twitchings begin soon, are variable in 
number, but may occur at intervals for about three-quarters of an 
hour. With more dilute solutions the twitchings are fewer and weaker, 
they begin later but go on longer. The response varies greatly in 
different frogs, -5 p.c: NaCNS may cause no twitchings in three-quarters — 
of an hour, on the other hand -05 p.c. may cause a few twitchings after 
an interval of 20-30 minutes. In the few experiments made, 01-005 


p.c. solutions did not set up twitching. 


The sartorius and most of the other leg muscles give much more 
marked reactions. Even with a 0-25 p.c. solution, the muscle bends 
nearly double, and twitches at once, after this there are rare twitches 
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for half to three-quarters of an hour. The stronger the solution the 


‘more violent the primary tetanic contraction and the sooner the 


twitchings cease. With solutions «1 to -05p.c. there is slight tone; 


slight twitching may begin at once, or be délayed a few minutes, it 


then increases in intensity and gradually declines. In -01 to -005 p.c. 


there is usually no immediate change, but twitching begins in five to 


ten minutes, increases in intensity and i is Over in three-quarters of an 
hour to one hour. 


In all cages, after a diesels has ceased to twitch in a dilute se | 


it will twitch more or less vigorously on being placed in a 2 p.c. solution. 
_ The more the excitability of a muscle is reduced, as by leaving it in 
the body, the — the concentration of NaCNS required to cause 
twitchings. 

In these observations both gaateoonsnaii and both sartorii were 
taken from each animal used, and the effect of the same solution 


observed on the two muscles. It is obvious that for observation of 


the twitchings the gastrocnemius is less favourable than the sartorius 
or most of the other muscles. 


Local application. I have also made observations by the punctiform — 


oeiiad The sartorius was exposed in a pithed frog, the surface fluid 
removed with blotting paper, and small drops of 2 p.c. NaCNS placed 
in a row on the muscle. The muscle was observed obliquely by light 
reflected from its surface. The reaction is in some respects like that 
with 1 p.c. nicotine. When the drops are placed on the ends of the 
muscle, local tonic contraction is caused, the relaxation of the local 
tone is a little quicker than it is with nicotine. The knee end of the 


muscle is léss responsive than the pelvic end, and with somewhat reduced — 


irritability there may be no effect at the knee end. When the drops 
are placed on the middle ofthe muscle in the region of the nerve 
endings, the tonic contraction is much quicker and there are usually 
brief tetanic: contractions and fascicular twitchings. The reaction 
differs from that with 1 p.c. nicotine in that occasionally 2 p.c. NaCNS. 
causes twitches when applied to the nerve free pelvic end of the muscle, 


_ 4.e. twitches may be caused by an action on the general muscle substance. 


So far as I have seen 1 p.c. NaONS does not cause twitching in the 
uerve free region of the muscle, but a small drop of -5 p.c. solution 
will sometimes cause twitchings when applied to the region with nerve 


endings. In a state of reduced irritability there is little or no difference 


in the response of middle and the pelvic end of the muscle. 
_ Punctiform application of 2 p.c. NaCNS to 5 segment of the rectus 
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= _abdominis muscle causes marked tonic contraction, with more or less 


fascicular and fibrillar twitching and sometimes with clonic contractions. 
The twitchings are more numerous than with nicotine. If a brush — 
moistened with 2 p.c, NaCNS is drawn across the middle of a segment, — 
the twitching is usually slight; apparently the tonic contraction is — 
unfavourable for the production of twitching. With very small drops 
a great difference can be seen in the response of different parts in the 
length of the muscle fibres; this presumably depends upon whether 
the solution is applied to a neural region or not. In the sub-maxillary 
musele, punctiform application causes strong clonic contraction with — 
fascicular and fibrillar twitchings; this will be dealt with more fully . 
presently. When a small drop is applied to a muscle the twitching 
usually ceases in a few minutes; with a large drop the twitching may 
go on for a considerable time, no doubt in consequence of the diffusion 
and dilution of solution; during the clonic contraction caused by a — 
large drop, the leg and sternal muscles show a very fast fibrillation. 
Effect of curari. Miss Worthington found that the incompletely 
curarised gastrocnemius muscle did not twitch in 2 p.c. NaCNS. 
Whilst this result may be obtained, it is not universal. Even in 
completely curarised gastrocnemii, I have occasionally found that 
twitchings occurred. Tonic contraction always occurs, and is shown 
by the bending of the Achilles tendon. We have seen above that the — 
sartorius reacts to a concentration of NaCNS which produces no obvious 
effect on the gastrocnemius. If a completely curarised sartorius is 
placed in 2 p.c. NaCNS, it at once coils up towards the deep surface, 
and usually twitches a few. times strongly, it remains more or less coiled 
up till death. This result is in harmony with the fact mentioned above 
that the 2>p.c. solution causes tonic contraction and occasionally 
twitchings when a small drop is applied to the nerve free pelvic end 
of the muscle,’ On punctiform application of the solution to the curarised 
sartorius, a few twitchings are occasionally produced, but usually there 
is local tonic contraction only and this is much the same in the middle 
of the muscle and in the pelvic region. On similar application to the 
curarised sub-maxillary muscle twitchings are usually not produced. 
In all cases a few twitchings may be obtained by using a sulphocyanide 
solution of sufficient concentration. Curari greatly reduces the tonic 
contraction, this is perhaps best seen in the rectus-abdominis by the 
punctiform method. If a little -1 p.c. curari is brushed over a segment 
of the muscle, the application of 2 p.c. sodium sulphocyanide five to ten 
minutes later has hardly any effect, whilst similar application to the 
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"he effect of more dilute eolutions of NaONS (0+ pec or less) is, 


so far as I have seen, prevented by curari. We may conclude then that 
sodium sulphoéyanide in weak concentration acts upon the nerve 
ending or on the neural region of the muscle, and in » certain higher 
eoncentration, it acts upon the general muscle substance. 


Effect of injection. . Injection of 1c.c. of 2p.c. NaCNS into the 


dorsal sac of a decerebrate frog causes much greater tone in the flexor 
_ carpi radialis and some other muscles of the arm than in the leg muscles. 
Occasional clonic contractions in the leg muscles are visible through 


the skin, the toes become fully separated from one another and may 
be flexed. Pinching brings on. strong irregular movements. If at. 
this stage the spinal cord is destroyed, the legs and:toes become more 


or less flaccid, but the tone of the arms continues. The condition then 
resembles that produced by nicotine, but there is very little catalepsy 
in the arms; if moved to another position they do not stay in the new 


_ position as they do after injection of nicotine. The fact that the more 


obvious contractions in the leg and foot promptly cease on destruction 
of the spinal cord shows that sodium sulphocyanide has a ene 
action on the central nervous system. 


The action of sodium sulphocyanide dealt with so far, though having — 


some points of interest, does not offer anything strikingly new, it is a 
variant of the known actions of guanidine and of nicotine. — Its action 
in two other respects is however more specific. One, viz. the production 
of slow waves of contraction, I have spoken of elsewhere!. The other 
is the production of what is apparently an axon reflex. This I first 


noticed in the sub-maxillary muscle. The method of anynuenting 


is as follows: 

_. A frog is pithed, the skin of the lower jaw cut away (care being taken 
to cut the strands connecting the muscle to the skin close to the skin), 
the heart cut out and fluid removed from the surface of the muscle 
with blotting paper. .A fine pointed brush is moistened with 2 p.c. 
sodium sulphocyanide and a small region of the anterior portion of the 
muscle a little behind the level of the sub-mental, is touched with it, 
so that a shallow drop 2 to 3 mm, in diameter is left on the muscle. 
In nearly. all cases in freshly caught frogs, the drop of the solution 
causes immediate tonic contraction where it is applied and a clonic 


of or the whole of the muscle, is 


4 404. 1916. 
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SODIUM SULPHOCYANIDE ON MUSCLE. 413 
by clonie, fascicular, and fibrillar twitchings; if the drop is small the 


twitching usually ceases in a few minutes. Similarly:a drop applied — 


to the posterior part of the mitiscle will cause contraction not only 
in the posterior but also in the whole, or nearly the whole, of the anterior 
part. Thus application of 2 p.c. NaCNS to one part of the muscle 
causes twitching in parts to: which it: is not applied. Similar results 
are obtained with a saturated solution of sodium chloride. We may 
speak of this provisionally as an outspread of contraction in order 
not to prejudge its causation. The first question to be considered is 


solution. | 
An outapread of the solution might take place by diffusion, by a 


‘spreading of the drop over the surface of the muscle, by capillarity 


and by the local contraction driving it on in tissue spaces and in blood — 
vessels. Since as-a rule the contraction is to the eye simultaneous in 
the region to which the solution is applied and in the part of the muscle 
outside this region, a passage by diffusion is out of the question, and 
it can be seen that the drop does not spread out over the surface of the 
muscle. That the solution does not spread out by capillary attraction 
is indicated by applying a very small drop of the solution so that the 
twitching produced is only slight, in this case not infrequently the 
twitching outside the area touched is not in the part of the muscle 


_ ishmediately bounding the area, but in a part more or less remote from 


it. Further, the outspread of contraction occurs when a small: piece 
of blotting paper moistened with 2 p.c. NaCNS is placed on a part of 
the muscle instead of a drop of the solution, the moist blotting paper 
tends to suck fluid towards it and so tends to prevent outspread of 


the solution: No doubt the solution is absorbed by the blood vessels, 


and the local contraction might drive it through more or less of the 
muscle, in this case however the solution would be diluted, and since 
dilute solutions only cause contraction after an interval we should 


_ expect that a contraction due to a passage of the fluid by the blood 


vessels would only occur after appreciable delay. The passage of the. 
solution by the. blood vessels can be made less easy by brushing -01 p.c. 
nicotine along a narrow strip in the middle of a muscle ; this part becomes 
tonically contracted and compresses the blood vessels; nevertheless 
2 p.c. Na@NS applied on one - of the strip causes at once twitching — 
on the other side. - 

From these facts and from others to be mentioned later, I sonclade : 
that the outspread of contraction is due to impulses somehow set up 
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414 J. N. LANGLEY. 


in the nerve fibres and reflected along dividing axis cylinders to other 
parts of the muscle, i.e. that the outspread is due to axon reflexes. 
A histological basis for numerous axon reflexes exists in the unusually 
close plexus of nerves with dividing nerve fibres which is present 
throughout the sub-maxillary muscle. 

If sodium sulphocyanide causes an outspread of contraction by 
stimulating, either directly or indirectly, nerve fibres in the sub-maxillary 
muscle, we should expect that on punctiform application an outspread of 
contraction would be obtainable from some points in every muscle, since 
in every muscle division of nerve fibres occurs. The muscles on which 


most observations have been made with regard to the correlation 


between the division of nerve fibres, and contraction in muscle fibres 
not directly stimulated, are the gracilis, the sartorius, and the rectus 
abdominis. We may confine our attention to these. Kiihne! found 
that various stimuli when applied to the gracilis muscle of the frog on 


one side of the tendinous inscription caused contraction on the opposite — 


as well as on the same side of the tendon. He found also that when 


the pelvic end of the sartorius was cut longitudinally, a stimulus applied 
on one side of the cut often caused contraction on both sides. Kiihne’s ~ 


account was confirmed and added to by Mays; and Mays? showed that 


_ adjoining segments of the rectus abdominis received branches from the _ 


same nerve fibres and that electric stimulation of the nerves in one 


segment caused contraction in one or both of the adjoining segments, — 
It is to be noted that in all these cases the stimuli which were effective 


were stimuli which caused contraction when applied to the trunk of 
the nerve outside the muscle. The object of the experiments was to 
show that nervous impulses could travel in a retrograde direction in 
nerve fibres. 


I have tested the action of sodium sulphocyanide on each of the 


- museles just mentioned. The muscle was first blotted to prevent 
the solution spreading out on the surface of the muscle. 

The phenomena presented by the gracilis muscle are as follows: 
on moistening with 2 p.c. sodium sulphocyanide a strip of muscle 
about 2 mm. from the tendinous inscription, either above or below it, 
there are more or less strong local twitchings; these cause passive 
movements on the opposite side of the inscription and-in consequence 
tend to obscure contraction occurring on that side of the muscle, but 
if the direction in which the tendon is moved is carefully watched, 
1 Ztechr. f. Biol. xxu. p. 305. | 

* Usher d. Nervatur d. M. Rect, Abd. (Winter, Heidelberg). 1886, 
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it can be seen that contractions occur which draw the tendon away 
from the side of the muscle to which the solution has been applied. 
The local contrections soon become less vigorous, and the twitches on 


_ the opposite side of the tendon are then readily seen, and they are some- 


times more frequent than on the directly affected side. In nearly all 
cases the response of the gracilis muscle is less than that of the sub- _ 
maxillary. Stronger outspread of contraction is obtained by using 
a stronger solution of sodium sulphocyanide; with a saturated solution, 
strong tone nearly prevents the local twitchings, but more or less 
violent twitchings ‘occur in the opposite segment. 

Kiihne found that in large frogs he could cut through the gracilis muscle below the 
inscription, leaving the nervous connection, and obtain contraction in the upper part 
by stimulating the lower. In the few experiments I made on Rana temporaria by this 


method, the cut portion of the muscle shrank on applying sodium sulphocyanide, the 
twitches were minimal and no certain effect was observed in the upper segment. 


In the: rectus: abdominis muscle, the signs of an axon reflex are — 
less evident than in the gracilis. If a narrow strip of blotting paper 
moistened ‘with 2 p.c. NaCNS is placed across the middle of a segment, 


. . the segment. at once shrinks and twitches, and commonly a few twitches 


occur in the segment above or below or in both. That these twitches 
are produced by nervous impulses is indicated by the fact that sodium 
sulphocyanide applied to the muscle. fibres causes great shrinking, 
and this is absent from the segments to which there is outspread of 
contraction. The outspread of contraction is however very slight 
compared to that which takes place in the sub-maxillary muscle, 


- and ceases to be obtained much more quickly on exposure of Sie 


muscle, 
In the sartorius, of 2 p.c. NaONS to one side of the 
muscle sometimes causes —e" in the other side, but this is by no 


means constant. 


The evidence that in on cases the outspread of contraction. is 
due to nervous impulses and not to outspread of the solution depends 
mainly upon the time relation between the twitchings m the two parts 
of the muscle. Commonly the first twitchings on the two sides seem 
to be simultaneous. The results however are less striking than those 
given by the sub-maxillary muscle. It may be noticed that the difference 
in result in the different muscles may in part be reasonably attributed 
to a difference in the degree of division of the nerve fibres. 

The rapidity of outspread of the solution can be tested to some 
extent by ene the effect of other solutions which cause twitching 
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with that of sodium sulphocyanide, As I have said in earlier papers’, 

the twitchings caused by nicotine are local. In the sub-maxillary 

~ musele nicotine -001 p.c. causes local twitchings of short duration, and 

‘in some cases, this occurs with 00001 p.c. Nicotine p.c. applied 

to the anterior part of the sub-maxillary muscle causes at once brief 

Fipiecemmatil sone twitching which extends hardly at all beyond the region to 
which the solution is applied. This holds also for 1 p.c. nicotine, if 

care be taken to avoid stimulation by nicotine vapour. It is true 

that nicotine is more likely than sodium sulphocyanide to form chemical 


combinations which would: prevent it from spreading out; but in view. 


of the small percentage of nicotine required to cause twitching, this 
would not I think be sufficient to account for the limitation of its action. 
| Guanidine, as is known, causes prolonged twitching in most of the 
a muscles of the frog. Its action is very striking in the sub-maxillary 
| muscle. ‘With punctiform application, a 1 p.c. solution of the chloride 
or carbonate should be used since more dilute solutions take some time 


drop of 1 p.c, solution of either of these salts made up in Ringer’s fluid 
when applied to the anterior part of the sub-maxillary muscle (after 


clonic contraction: with small fascicular and fibrillar twitchings; the 
later go on fora long time. The twitching at the moment of application 
is not usually confined to. the region. of the drop but it never spreads 


solution spreads out is shown by the twitching which soon begins in 
the underlying longitudinal muscles; the time depending on the size 


gradual and isin marked contrast to that obtained with 2 p.c. NaCNS. 


opposite side... Guanidine 1 p.c. when applied to one segment of. the 

gracilis muscle does not, so far as I have seen; cause any immediate 

contraction in the other segment; the twitching produced is under 

qa and close to the region to which the solution is apphed. A similar: 
result. holds. for the rectus. abdominis. 


siderably even in freshly caught frogs.. On punctiform application, a 0-1 p.c. solution 
of the chloride or carbonate usually takes 20 to 60 seconds to cause twitching in the 
sub-maxillary muscle, and clonic contraction is often absent.. The oo muscles as a 
rule ‘are less responsive Sham ane Clary, 


Tha Jounal pp 36-2 


to produce an effect and in this time diffusion might take place. A small — 


the muscle-has been blotted). causes slight tonic contraction, brief 


backwards as far as that caused by: sodium sulphocyanide. That the 


of the drop; but the outspread to the posterior part of the muscle is 


| The twitching—with not too large a drop—does not spread to the 


“The percentage of guanidine required to produce an immediate effect varies con- 
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_ SODIUM SULPHOCYANIDE ON MUSCLE. 417 
The absence of immediate contractions in the posterior part of the 
sub-maxillary muscle on applying a small drop of guanidine to the 
anterior part, and the similar absence in the segment of the gracilis 
muscle to which the solution is not applied, support the theory that 
the outspread of contraction caused by — sulphocyanide is not 
- to outspread of the solution. . 
| Whilst I think that the results given ante show that 2 p.c. sodium 
night sets up axon reflexes, I have not so far obtained satis- — 
factory evidence as to the manner in which it does this. Miss 
Worthington mentioned that a 2 p.c. solution does not stimulate the. 
sciatic nerve, and I have not found a stimulating action on nerve trunks: 


whatever the strength of the solution. It is then highly improbable: | 


the substance stimulates directly the similar fibres of the nerve plexus _ 
in the muscle. Many of the nerve fibres lose their myelin sheath before 
penetrating the'sarcolemma, but it is hardly likely that they otherwise 
alter their characters. Ktihne showed that retrograde nerve impulses 
are not set up by stimulating nerve-free regions of muscle. On the — 
theory of the discontinuity of nerve and muscle there appear then to 


_ be only two possibilities: (1) that sodium sulphocyanide: stimulates 


nerve endings and (2) that it causes an electric change in the neural — 
region of the muscle which stimulates the neighbouring nerve fibres. 


The former seems the simpler hypothesis, but there are certain facts 


which it does not satisfactorily account for. The results spoken “a 
above regarding the outspread of -contraction are those 

obtained in freshly caught frogs. But occasionally the response of : 
the muscles of freshly caught frogs is distinctly less than that I have 
described; and it’ is frequently less, and may be very much less, in | 
the muscles of frogs which have been for some time in captivity. This — 
difference in response we may speak of as a difference in irritability. 
A high degree of irritability and a low degree of irritability of the 
muscles can be foretold from the appearance and behaviour of a frog, 
with a fair degree of certainty, but the intermediate stages cannot be 


foretold. The muscles of two frogs apparently alike may respond very 


differently. A stage of lowered irritability may be obtained by leaving 


the muscles in the body after the circulation has ceased, and more 


quickly by exposing it and removing superficial moisture in addition. 
The response of the sub-maxillary muscle is lowered by removing the 
mucous membrane and muscles of the floor of the mouth. A muscle 


removed from the body immediately after death and put in Ringer's. 
fluid long retains its irritability, but when the irritability is low from 
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whatever cause, it is very: little increased, so far as I have seen, by 
being placed in Ringer's fluid. These general statements hold not only 
for the response to sodium sulphocyanide, but also for that to guanidine 
and nicotine. The successive stages of decrease of response as shown 
by punctiform application of 2 p.c. sodium sulphocyanide to the sub- 


maxillary muscle are as follows: (1) the clonic contraction is less 


strong and the outspread of contraction does not extend to the posterior 


strip of the muscle; (2) the twitchings are more and more confined to 


the region to which the solution is applied, and eventually are local; 

(3) tonic contraction more or less slower in rate is alone obtained. In the 
gracilis, rectus abdominis and thigh muscles purely local twitching, and 
absence of twitching, are more quickly obtained on exposure, and are 
more frequent in apparently normal conditions, than in the sub-maxillary 
muscle. The local twitchings can only in small part be due to an 
action on the general muscle substance, since they are much more 
numerous than in the curarised muscle, and indeed in: the curarised 
sub-maxillary muscle 2p.c. NaCNS rarely causes. twitchings. At 


the time when tonic contraction only is obtained, stimulation of the 
‘nerve will still cause contraction, so that _ nerve endings have not 


heat their irritability. 
These stages of decreased irritability are difficult to explain on 


the theory that NaCNS stimulates nerve endings. If the solution can _ 


stimulate nerve endings and cause local twitching, the nervous impulses 
should pass to the branching nerve fibres and cause twitchings elsewhere 


in the muscle. On this theory we are driven to assume either that 
- impulses set up in the nerve endings pass to the muscle more readily 


than they pass backwards in the nerve, or that the impulses passing 


backwards die out on their course. Each _— involves con- — 


siderable difficulties, 


_ that the 1 p.c. solution does not at once cause twitchings. When the irritability of the 


sub-maxillary muscle is reduced by exposure, a drop of guanidine applied to it may first 
cause twitchings in the underlying muscles, and these may continue strongly with only 
feeble twitching in the sub-maxillary muscle, For a variable time after 1 p.c. guanidine 
has ceased to cause twitchings, 2 p.c. NaCNS will still cause them, : 


I have made a number of experiments on partial curarisation of the sub-maxillary 


muscle. Curari was first applied to the anterior part, and subsequently a small drop of 


2p.c. NaCNS was placed in the centre of the curarised grea. Two stages were observed 


which would be interesting if it were shown that they were not due to varying outspread 
of the solutions. In both there was some local tonic contraction. In one stage the 


application of‘the 2 p.c. 
did cause twitchings in the posterior part. ee a 
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part caused no twitchings anywhere, though direct application to the posterior part 
caused twitchinge—much less than normal—in this part. The chances of outspread 
of solution are however considerable in this method of experiment and I think further 


SuMMARY. 


The account given by Miss Worthington of the action of sodium — 
sulphocyanide on the gastrocnemius muscle of the frog ‘is in general 


confirmed, but it depends upon the condition of the muscle whether 


the twitchings caused by 2 p.c. sodium sulphocyanide are completely 
stopped by curari or not, further whatever the condition of the muscle 
curari does not completely stop the tonic contraction. In most shoulder 
and leg muscles the response to sodium sulphocyanide is greater than 
in the gastrocnemius and complete curarisation does not prevent 2 p.c. 
NaCNS from causing strong initial contraction and twitchings. The 
time required to set up twitchings and their duration vary inversely 
as the concentration of the solution. The drug causes much stronger 
tonic contraction in the flexor carpi radialis and some other arm muscles 


_ than in the leg muscles. On punctiform application of a 2 p.c. solution 


to the sartorius, local tonic contraction and twitchings are obtained — 
in the nerve free pelvic end of the muscle both normally and after 
curarisation. In normal muscle tonic contraction and twitching is 
more readily obtained from the neural regions than from the non- 
neural regions of the muscle fibres. Thus the drug in weak concentra- 


tion causes tone and twitching by acting on the nerve endings or neural 


region of the muscle, and this action is prevented by curari; in certain 
higher concentration, it also causes tone and twitching by action on 
the general muscle substance and this action is not prevented by 
curari.. The action of sodium sulphocyanide in some respects — 
that of guanidine and in others that of nicotine. 

A more special feature in the action of guanidine is that cin 
applied to a small spot of a muscle it often causes twitching not only 
where it is applied but at some part of the muscle more or less remote 
from this. The effect is best obtained in the sub-maxillary muscle, 
and next to this in the gracilis. Reasons are given for thinking that 
this outspread of contraction is brought about by axon reflexes, and 
not by an outspread of the fluid. Whether the axon reflexes are set 
up by stimulation of nerve endings, or by electric changes in the muscle 
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whieh stimulate nerve endings or nerve fibres, is not clear. On puncti- 
form application of guanidine to the sub-maxillary muscle, the out- 

of contraction is much more local, and on similar application 
An immediate outspread of con- 


of nicotine it is still more local. 
traction from one side of the tendinous inscription of the gracilis 


muscle to the other side was not obtained either. with guanidine or 


Wisk 


La 
; ne. ¢ 
‘ 
> 
sae 
4 
2 
. 
> 
+ 
Ag. 
4 
aj at 
— 
at 
5 
te 


THE INFLUENCE OF THE VAGUS ON PANCREATIC 
SECRETION. (Second communication.) 
ANREP. 


and of the: Academy, Petrograd.) 


Tas paper is a continuation of a previous: communication on the same 
subject.(1)in which an attempt was made to clear up some obscure points 


ia the action of the vagus on the pancreatic secretion. If in a decere-_ 


brated dog the peripheral end of the vagus be stimulated the first 
stimulation is generally without effect on the pancreatic secretion. 
The next few stimulations, as described in the previous paper (1), usually 
give secretion but only after a very long latent period of one or two 
minutes. The secretion reaches its maximum only after the end of 
the stimulation. With repetition of the stimulation the maximum 
approaches more and more to the. beginning of the stimulation and — 
the latent period becomes shorter, so that finally the flow of juice may 


start within a few seconds after the commencement of stimulation. 


During this long latent period the gland is not in an indifferent or 


‘passive state, neither is it merely in a state of preparation for secretion. 


It is rather in a state of inhibition. All secretory action of the pancreas 
is blocked, the secretory capacity of the gland is diminished. So that, 
if a flow of juice has been set up by stimulation of the vagus, a second 
stimulation of the same or of the other vagus stops or strongly diminishes 
the flow(). The vagus exerts the same inhibitory action on a secretion 
obtained in a humoral way by cates of HCl ne the duodenum (8) 
or secretin into the veins(1). 

The causation of the long latent period and of the stoppage of the 
secretion observed on stimulation of the peripheral end of the cut vagus 


is not yet clear, Pavlov thought that two different kinds of efferent 


fibres exist,namely secretory and inhibitory ; thatis the reason according 
to Pavlov why such a long latent period intervenes between the early 
stimulations and the flow of juice. The secretion occurs only after 
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the inhibitory fibres have been: fatigued by repeated: stimulation. 


The inhibitory effect of vagal stimulation during secretion no matter 
how obtained has the same explanation. It can be obtained only in 
the beginning of the experiment and not when the inhibitory fibres 
are tired out and the prolonged latent period has disappeared. | 

Popielski strongly supports the view of Pavlov@). The results 
brought forward by Popielski are however not very convincing. 


Popielski claimed that he, could separate the two kinds of fibres — 
anatomically, but my experiments @) gave no support to this view. 
But there is the fact that atropine in small doses, sufficient to paralyse 


the secretory fibres of the vagus, does not paralyse the inhibitory 
ones(1). What explanation can be given of this inhibitory action of 


the vagus? What are the elements of the gland on which these 


“inhibitory” fibres act? Three working hypotheses may be given. 

(1) “During the action of the inhibitory fibres sufficient material 
is not brought to the cell to allow it to secrete; this may occur if seid 
vaso-constriction ‘takes place. 


(2) There is enough initial material but the cell cannot atilixe it, . 
since it-is in a state of inhibition which stops the production of the — 
secretion inside the cell, or blocks the passage of it from the cell into 


the duct. We can understand this only if true secreto-inhibitory 


fibres are admitted.’ These fibres stop the katabolic work of the cell 


or even convert it into an anabolic process. 


(3) The third hypothesis is that the cell during this “ inhibition” 
continues to secrete normally, but the j — is retained in the gland by : 
constriction of the ducts. 


As the long latent period and the arrest of the secretion are no 
doubt of the same nature, all these three explanations can be applied 
to 
An attempt was made to decide experimentally which of these three 


during the activity of the pancreas. 


wy began by the study of the vascular conditions of the ities 
panei’, So far as I am aware only Frangois-Franck and 
Hallion, Otto and Edmunds(6, 7) have worked upon the 


blood supply of the pancreas. They used the plethysmographic method. 
Frangois-Franck and Hallion. observed a _— of the — 
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PANCREATIC SECRETION. 493 


on stimulation of each splanchnic nerve and traced the origin of these 
vaso-constrictor fibres to the anterior nerve roots, extending from 
the fifth thoracic to the first lumbar. Vaso-dilators were found by 
Frangois-Franck and Hallion to run in the vagus. I made several 
experiments to test the effect of variation in the amount of blood 
supply during activity of the pancreas. This question was already 
studied by May and by Edmunds. They altered the blood supply 
to the pancreas by excitation of vaso-constrictor fibres in the splanchnic 
nerve and by compression of the aorta. As the results of May and 
Edmunds are not in full agreement with each other and because the 
question is of capital importance for my problems, I thought it neces- 
sary to repeat their experiments. Otto May and Edmunds employ 
secretin to stimulate the gland. May first found in the cat that stimu- 
lation of vaso-constrictor fibres caused a slowing in the rate of secretion, _ 
but the more rapid the secretion to start with, the relatively less the — 
slowing produced by vaso-constriction. In the dog he occluded the 
aorta with a balloon-—but in this case the pancreas secreted for some _ 
minutes even after the circulation was stopped. On this ground he 
concludes that the pancreas is not so closely dependent on blood 
supply as was suggested by Pavlov’s original work. Edmunds 
supports the view of May in so far as concerns the vaso-constrictor — 
effect, but he supports Pavlov by the fact that digital compression | 
of the aorta above the origin of the coeliac axis produces.an immediate 
and marked slowing even in a very active secretion and an arrest of 
. it in about 90 seconds. 

My own experiments lend support to ‘the view of Paslor iad 
Edmunds. The effect of aortic compression I found to be- always 
more powerful than even the strongest stimulation of the splanchnic _ 
nerve, But in all cases the amount of slowing or the time in which 
the secretion.came to a standstill depended on the previous activity 
of the pancreas. I obtained a very steady. flow of juice by a gradual © 
inflow of secretin into the jugular vein from a burette. By altering 
this inflow the rate of secretion could be changed. I found that a slow 
secretion could be brought to a complete standstill, either by stimu- 
lation of the splanchnic or by compression of the aorta. The secretion | 
stopped the more quickly, the Jess copious it was; but always more 
quickly by aortic compression. In cases of copious secretion the 
‘strongest stimulation of the splanchnics produced only a slowing, never 
complete arrest of the secretion. Compression of the aorta could in 
these cases always stop the secretion — The time necessary 
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for that purpose was very nearly that given by Edmunds—about 
70-100 seconds. Exps. [, II and III are given as examples. : 


‘Exp. I. Decerebrated dog. 10-2 kilos. tery. 
drop of pancreatic juice noted in seconds. 

Slow secretion—24, 25, 25, 24, 25, 26, 24, 24, 25 secs. | 

Left splanchnic stimulated, blood-pressure raised from 95 mm. 
drops in seconds—22, 35, 50; secretion stopped till the end of the stimulation. The 
stimulation continued 3-5 minutes. The secretion stopped at the 107th second. After 
the end of the stimulation the secretion came gradually to its previous rate. | 

Same experiment. Slow secretion, 26, 25, 25, 26, 26, 26. Aorta compressed, 40; 
no more secretion till the end of the compression. The whole time of compression was 
bi ewracuy After the aorta was released the secretion gradually came back to normal 
rate. 


Exe. Il. ithe geoparetion in I. Quick secretion. 
8, 9, 9, 8, 9, 8, 9, 9 seconds. Left splanchnic stimulated; blood-pressure rises from 88 
to 140—8, 9, 12, 17, 18, 17, 20, 21, 20, 20, 20; stimulation off, 10,17, 17, 12, 10, 10, 11, 
10, 11, 10, 9, 10, 8, 9, 9, 8, 9, 9, 8, 9, 9, 8,9, 8; stronger stimulation of both splanchnics, 
blood-preasure from 94 to 220 in two marked steps, 7, 12, 20, 22, (second step) 50, 
50, 52, 50, 52; stimulation off, gradual recovery of the secretion. Even the strongest 
stimulation of the splanchnic nerves could not completely stop the secretion. 


‘Exp. III. Same preparation. Quick secretion. 7, 6, 7, 6, 5, 6, 5, 6, 6, 5, 6, 5; 
compression of the aorta, 12, 20, 25, 40; no secretion up to the end of the compression. 
The secretion stopped in 97 seconds. The whole compression continued 3 minutes. 


From these experiments we see that the stoppage produced by 
_ vagal stimulation is of quite a different character. In both the vascular 
effects we have not a sudden arrest as in the vagal case but a progressive 


slowing which ultimately becomes a standstill. We should expect — 


therefore to find for the vagal effect a cause different from the citculatory 
mechanism. 

Fig. 1 shows an experiment with an active pancreas in which a 
40 seconds stimulation of moderate strength of the splanchnic nerve 
produced scarcely any slowing of secretion, and a 40 secs. intra-thoracic 


— of the vagus with the same current produced a full — 


a‘ Upon supposed vaso-dilator fibres in the vagus nerve. . 


| Although these experiments seem to exclude the of 


_vaso-constrictor factors taking part in vagal “inhibition,” I thought 
‘it necessary to make some further experiments on the point. * 
Frangois-Franck and Hallion studied the action of the vagus 


upon the pancreas by the use of the plethysmographic method. ‘They 


found the vagus to produce a dilator effect upon the gland. But every 
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PANCREATIC SECRETION. 495 
gland with external secretion represents a body with two systems of 
drainage—blood-vessels and ducts. And as in Francois-Franck 


and Hallion’s experiments the pancreatic duct was tied, a swelling 
of the pancreas is insufficient to prove the presence of vaso-dilator 


fibres. Their results merely make the presence of vaso-constrictors in 


the vagus doubtful. 
. I tried to answer the question i a direct method. In a decent 
brated animal (dogs were used in all experiments) the vagus branches 


Fig. 1. B.P.= blood-pressure. §8.='secretion. The secretion produced by gradual 
slow inflow of secretin into the jugular vein. Between the arrows stimulation of 
the splanchnic and vagus. Time = 10 secs. 
the in this nor in the other figures. 


a higstnissd below the heart in the chest. A cannula was intro- 
duced into the pancreatic vein and the a of blood counted as they 
came from the cannula. 

Only one experiment is ™ here as all others showed the same 
effect. 

described above. 

6, 7, 6, 7, 6, 7. 

7, 6,7, 7; end of stimulation, 7, 7, 6, 7, 6, 6, 7,73 (4 min. interval), right vagus, stronger 


current, 7, 6, 8; 6, 7; 7,63 stimulation off, 7, 6, 8, 7,6, 7, 7; ee ee ve 
7, 6, 7, 8, 6, 75. off, 6, 7, 6, 8, 6, 7; and so on at the same rate. 7 


The — of either of the splanchnic nerves gave of course 
28—2 
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426 G. V. ANREP. 


a strong diminution of the flow.. ot 
vagus stimulation upon the pancreatic blood flow. I hold that vaso- 


dilator nerves to. the pancréas are not present in the vagus nerves. — 


Vaso-constrictor fibres are also absent from this nerve. 

It is interesting to note that’ although Frangois-Franck and 
Hallion found the vagus to be a vaso-dilator nerve for the liver, intes- 
tine and pancreas, other observers do not give any support to this view 
in the ¢ase of either of these organs(6,9). We may thus attribute 


the expansion of the pancreas observed by Francois- -Franck on 
vagus stimulation to an expansion either in the eis of ducts or in 
the glandular tissue of the pancreas. & 


C. Correlation betwen the pancreatic ond the secretion of 
pancreatic juice produced by vagal stimulation. 


_ In the following series of experiments I tried to record simulta-— 
neously the plethysmographic volume of the pancreas and the rate of 
secretion of the juice. The tail of the gland was placed in a plethys- 
- mograph made of modelling dental wax. Care was taken not to | 
injure the blood vessels running from the mesentery to the end of the 
tail. The plethysmograph had the shape of a tube longitudinally 
cut in two. This tube was open at both ends, One end served to 
_ pass through the vessels and the other for the glandular tissue. The © 
side opening of this tube was closed with a glass plate well greased with | 
__-vaseline. A cannula was inserted in the main duct. . The flow of juice | 
was recorded by a drop recorder or by means of a graduated glass tube. 


All other experimental procedures were as described above, 
Fig. 2 shows the result of the second stimulation. Observing the 


~ curve we do not see any change in the blood-pressure. The secretion 


began as usual after a long latent period and only after the stimulation 
ceased. The volume of the gland shows, in agreement with Frangois- 
Franck and Hallion, a marked dilatation beginning after a com- 
paratively short latent period. During the whole time of the stimu- 
lation this dilatation continues gradually to increase. Only, after the 
end of the stimulation, when the secretion begins, the gland diminishes 
in volume and gradually attains its normal size, So we obtain an 


expansion of the gland during the whole latent. period which equals 
_ the time of stimulation and diminution of the pancreatic volume shortly 
after the end of the stimulation. The diminution coincides with the 


beginning of the secretion. Fig. 3 gives the result of the 7th stimula- 
= of the same nerve in the same experiment. The stimulation is 


A 
= 


a4 
\ 


| 
| 
| 
; 
Ag 
i} 
me 
a 
a} 
i | 
at 
at 
y 
if 
| 
q 
} 
‘ 
k 
- 


Fig, 2. B. = blood-pressure. P.= pancreatic volume. secretion pancreatic 
juice. Time = 10 secs. Between the arrows left vagus stimulated in chest. 
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498 G. V. ANREP. 


prolonged to 130 seconds... The dilatation of the pancreas starts at once, 
it increases up to the 40th second when it attains a level at which it 
remains unaltered to the end of the stimulation. After the stimulation 
is finished the gland gradually diminishes and returns to normal. The 
secretion begins with a latent period of about 40 seconds so that the 
first drop falls at the 50th second. The secretion continued at a slow 
rate during the whole time of the stimulation. After the stimulation 
is finished the secretion becomes much stronger. Thus at the 7th 


stimulation we have an increase of volume during the latent period. 


; Fig. 4 Same experiment as in Figs. 2and 3. Between the arrows the 15th stimulation 


of the left vagus. 


“The increase stops as the slow secretion begins. After the end of the 


stimulation we observe a diminution of the gland along with an aug- 
mentation of secretion. | 
The next few stimulations gave nearly the same picture but the 


maximum of secretion occurred not after the end of the stimulation, 


but already during the stimulation time. At the time of this maximum 
the gland begins to diminish in volume so that the time during which 
the gland is dilated gets shorter and shorter. _ Re Pon 

Fig. 4 represents the 16th stimulation of the same nerve, The 
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latent period is less than ten seconds. The dilatation of the gland is 
absent and the secretion attains its maximum almost at once. 

The conclusions that we may draw from this and several similar 
experiments are, that the dilatation of the gland takes place only during 
the latent period, it gets shorter with the shortening of the latent 
period and is absent when the latent period disappears. There can 
be very little doubt that the dilatation of the sane is & result of a 
retention of the secreted Juice. 


1; allan: atropine... « inhibition.” 


More evidence for this view is to be found in the action of atropine. 


Atropine paralyses the een fibres of the vagus and after an 


Fig. 5. B.P. = blood-pressure. P.V.= pancreatic volume. Two stimulations of the 
right vagus in chest. Arrow upwards, stimulation on; arrows downwards, stimu- 
lation off. The figures represent the secretion of pancreatic juice in divisions of 
@ graduated tubing per each 10secs. Time = 10 secs. 


injection of a small dose of atropine all dilatation of the aero 
disappears. This is shown in Fig. 5. ) 
Probably the true latent period of the secretion is very short, like 
the latent period of the salivary secretion. At any rate the production 
of the j Juice is present shortly after the beginning of the stimulation, — 
but this juice has no free outflow and is retained in the gland. As 
noted above the stimulation of the vagus stops or strongly diminishes 
the secretion obtained by a of or by 


means of the hormone. 
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430 G. V. ANREP. 
In Fig. 6 we have a simultaneous record of the pancreatic secretion 


and the glandular volume. ‘We have two stimulations of the same 
vagus. The first stimulation evokes a secretion, the second stops it. 


In the first stimulation we see a long latent period of 40 seconds with 
a dilatation of the gland. ‘With the beginning of the secretion the 
gland diminishes in volume and dilates again during the second stimu- 
lation. This dilatation lasts the whole time of the arrest of secretion. 
When the secretion breaks through, the gland gradually returns to its 


Fig. 6. B.P. = blood-pressure. §.= secretion. P.V.= pancreatic volume. Twostimu- 
‘ lations of the left vagus in chest. Arrows upwards, stimulation on; arrows down- 
wards, off. 

The two vertical straight lines show the coinciding of the beginning of the secretion and 
the diminution of the pancreatic volume, Note the secretion beginning in both 
cases before the stimulation is off. The secretion is recorded by means of a bellows 
recorder. Time = 10 secs, 


normal volume. This breaking through may occur in spite of the 
stimulation and is not necessarily coincident with the time of the end 


of the stimulation, - This: is also shown in Fig. 7.. In the. experiment 
of Fig. 6 the secretion was recorded graphically by means of a sensitive 


bellows recorder joined to the cannula. We see the secretion and the 


shrinking of the gland to begin several seconds before the stimulation 
is off (arrow downwards). Be 

So we see that this vagal “‘inhibition” coincides with a dilatation 
of the pancreas, which lasts exactly the time the flow of juice is retained. 
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In the preceding cominunication atropine was shown not to paralyse 
the “inhibitory” fibres: The stimulation of the vagus still gave a 


retention of a humoral gecretion after a small dose of atropine. This 
plethysmogra phic record again this same dilatation coinciding 


with the time of the retention. This is shown in Fig. 8. 

- The observed dilatation of the gland seems to be the result of two 
factors: the secretion of the j juice and a mechanism which retains it. 
If atropine paralyses the secretion, the dilatation is absent; but if 


the secretion is evoked in spite of atropine in a humoral way, the 


dilatation is present. The simplest explanation of all these facts is 
to postulate in the vagus motor fibres to the pancreatic ducts, such 


Fig. 8. B.P. = blood-pressure. P.V. = pancreatic volume. §.= secretion. Between 
the arrows, stimulation of the vagus in chest. First stimulation. left vagus; 


second stimulation, right vagus. In this experiment — 
injected. 


as it supplies to the wil bile ducts. But we may imagine another 
explanation, namely, that the juice is retained not in the ducts of 
the gland but in the secretory cells, so that the block is not purely 
mechanical constriction of the ducts, but more intimate. The vagus 
might carry fibres which block the passage of the juice from the working 
cell to the duct, so that the juice produced accumulates in the cells 
and this causes the augmentation of the glandular volume. In my 
experiments I do not find a direct answer to the question which of these 
two hypotheses is the more probable. This is a subject for further 
experiments. I feel more inclined to accept the first one and to attribute 
all the described to constriction of | 
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SUMMARY. 


1, Stimulation of the splanchnic nerves or obstruction of the aorta 
the In cases of slow 
secretion, splanchnic stimulation may cause finally complete arrest. 
In cases of rapid secretion, the strongest stimulation of the splanchnic 
nerve causes only a slowing, never'a standstill. Aortic compression 
is always more effective and it finally stops the secretion in every case. 

2. The vagus has no rere nor Muirdasceaze fibres to 
the pancreas. 

3. Stimulation of the vagus causes a ok 

4, When secretion begins the dilatation finishes and the gland 
comes to its normal volume. | 

5. The dilatation is abolished by atropine, when secretion is 
abolished. — 

6. Vagal “inhibition” of the pancreatic secretion is accompanied - 
by a dilatation of the gland strictly coinciding with the time of this 
inhibition. 

7. is ties Of of the pancreatic 


seorete it. 
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THE STRUCTURE OF ‘THE THYMUS GLAND AND OF 
THE REPRODUCTIVE ORGANS IN WHITE RATS, 
TOGETHER WITH SOME OBSERVATIONS ON THE 
BREEDING CAPACITY OF THESE ANIMALS. By 

EVELYN E. HEWER.. 


(From the Physiological Laboratory, Berd Cle 


The thymus gland. 
Tue — is derived from the tongue-bars of the third branchial 
cleft in the pharynx of fishes, and is therefore hypoblastic. In fishes 
it probably serves for protection of the gills, but in higher animals — 
it transfers its service to other organs and becomes of value to the 
_ organism only during early life (Beard@)). It differs chemically from 
other lymphoid tissues, and contains thyroidine (Gillman Moorhead @)). 
The thymus gland in rats is found adherent, to the roots of the 
large blood vessels, and attached to the trachea, lying partly in the neck 
and partly in the thoracic cavity. It does not appear to vary in relative — 
size very much from a newborn rat to an adult of 20 weeks or more. 
Nor does the histological. structure present my obvious differences 
with varying age. - 
_ Examined microscopically, the rat's thymus shows - the 
‘separation into dense cortex and less dense medulla. The reticulum 
differs from that of a typical lymphoid gland in that it consists of 
stellate, anastomosing, connective-tissue cells, and not of trabecule ; 
these cells evolve from the periphery, where karyokinesis is seen, 
towards the centre. In a typical mammal, the old cells of the thymus 
reticulum join on to the outside of Hassall’s corpuscles, the latter 
being continually destroyed in the middle by cytolysis and absorption 
of degenerated elements: the Hassall’s corpuscles therefore are to be 
regarded as in a state of constant evolution (Aubertin and Bordet®)). 
Tn rats, however, no typical Hassall’s corpuscles were ever seen by the 
writer in normal animals; under exceptional circumstances they do 
appear, as for example under the influence of X-rays (an account of 


> 
« 
<2 
| 
og 
4 
| 
4 
a 
4 
4 
| 
ENG 
omg 
iz 
a 
4 
> 
| 
= 
| 
4 


“THYMUS. REPRODUCTIVE ORGANS. “435 


this will be found in another paper). This peculiarity may, or may 
not, be connected with the apparent absence of involution in these 
animals. 


The male reproductive orgone. 


The minute structure of the testis and epididymis of the rat has 
been set forth in great detail by Brown(4). In the course of some 
experiments on rats it was frequently necessary to compare the relative 


. degrees of development of various testes: consequently several series 


of animals of various litters were taken, and the testes examined at 
definite stages. From a large number of cases the following ese 
results were obtained. 

In: the newborn animal the testes, showing active mitosis, are 
easily distinguished. microscopically in close proximity to the kidneys. 
At 34 weeks the spermatogonia can be distinguished from the spermato- 
cytes, and Sertoli cells are usually visible. No lumen begins to appear 
in the tubules as a rule until 7 weeks. At 8 weeks spermatids are easily 
distinguishable: at 8} weeks isolated spermatozoa may occasionally 
be seen. At 9 weeks typical ripe spermatozoa are plentiful, but the 


- fully-formed epididymis contains no free sperms. At 10 weeks all 


the tubules show active spermatogenesis; the second crop of sperma- 
toz0a is appearing, while the first crop can be seen in masses in the 
epididymis. 

At 9 weeks, therefore, typical spermatogenesis i is first seen; and at 
10 weeks the testis is indistinguishable from that of a 6 months’ animal. 
At 10 weeks the rat can be basco as eee mature. 


The ovaries of the rat are well advanced in development even at 
birth, containing apparently ripe Graafian follicles. The older ovary 
is filled with all stages of developing follicles and corpora lutea. In 
the rat there is very little connective tissue among the follicles, and 
few interstitial cells. _ 

It is consequently difficult to say at what age the female rat becomes 
sexually mature: but judging from observations of their breeding 
capacities it would seem probable that the female attains to sexual — 
maturity either at 10 weeks of age, as in the male, or slightly earlier. 
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The normal iresing capacity. 
In white rats it is not difficult to ascertain the actual dunt of 
gestation. It was noticed that the female will frequently take the male 


immediately after the birth of a litter. In all experiments the male 
rat. was removed when a litter appeared, because of his cannibalistic 


tendencies, and was kept away for three weeks. It was found that another 


litter sometimes appeared before the male was returned, or within the 
. next few days:, In these cases fertilisation must have taken place 

-between the birth of the first litter and the removal of the male, leaving — 
an error in calculation of the gestation period of at most one day. 
‘From a number of experiments the gestation period was found to be 
very constant, varying by one or two days only: taking the average — 
the normal period may be regarded as 23 days(). 

It was mentioned above that the male rat attained to sexual 

maturity at 10 weeks. This was confirmed by finding that the first 
litter usually appeared at the age of 13 weeks. Since this applies to 
both the male and the female, it is probable that both sexes attain to 
maturity at approximately the same age. 
_ As regards the number and sex of the litters, there was found to be 
too wide a variation to allow of any generalisation. The usual number 
was found to be about nine, but litters of two or three were sometimes 
born, while the record number was 15. : 


and the reproductive organs, 


Male rats have been found to be very much more susceptible to 
the influence of thymus feeding than female rats(5). It was found 
that such feeding delayed the development of the testis in the young 
animal, and caused its degeneration in the adult. But all rats in 
the definitely hyperthymic condition induced by thymus feeding were 
found to be sterile, although ripe spermatozoa and ripe ova might be © 
demonstrated histologically. In none of the experiments were any 
definite changes observed in the thymus gland itself, although such 
would certainly be expected. | 

When feeding rats on the thymus of another animal it is quite 
possible that @ “foreign” factor is being introduced: the strange 
thymus may or may not act inthe same way as the secretion of the 
 animal’s own gland. In the rat this is the more probable, because 
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the thymus does not undergo the typical involution of maturity, and 
consequently the mutual relations of gonads and thymus which have 
been observed in some of the higher animals (Henderson, Paton, 
Goodall(@)) may not hold. That there is some inter-relationship 
even in tats has been demonstrated by the feeding experiments, an 
account of which has already appeared(5), and also by a series of 
experiments with X-rays, a summary of which will be found in another 


Sy 


(1) Beard, Anat. Anseig.1x.8.476. .. 
(2) Gillman Moorhead. Practitioner. Deo. 1905. _ 
(3) Aubertin and Bordet. Zntrib. f. inn. Med. 1909. 
Brown. Quart. Journ. Mic. Sci. xxv. 1885, 


(5) Hewer. This Journal, xivm.p.479. 1914. 
(6) Henderson, Paton, Goodall. This Journal, 1904, 1905, 1911. 


js 
> 
5 
Mo 
2 

aa 

: 
% 

5 

< 

" 8 

M 

‘ 

y 
q 

3 


THE DIRECT AND INDIRECT EFFECTS OF X-RAYS 


ON THE THYMUS GLAND AND REPRODUCTIVE 
ORGANS OF RATS. By E. 
-HEWER. 


(From the Physiological Laboratory Bedford College, London.) 


has been found that both the thymus and the reproductive 
organs are sensitive to X-rays; consequently irradiation of the one 


organ might be expected to bring some light to the question. of its 


relation to the other organ. It was with this object that the following — 


series of experiments was carried out. 
Although the primary object was ‘to observe the indirect effects of 


the rays on non-irradiated organs, at the same time a minute examina-— 


tion was made of the direct effects produced in the irradiated parts, 
_ with @ view to confirm (or ne) the results obtained by other 
workers. 


From a study of previous work in this connection it was thought 


that the following points required further elucidation. 
A. Effects: of irradiation of the thymus. 


(i) If Hassall’s corpuscles are normally absent from the thymus ; 


(as in the rat), will they appear under the action of X-rays, since these 
produce a temporary increase in their number when normally present (1) ? 
(ii) Since the thymus gland is known to affect the sexual organs (2), 
will irradiation of the thymus bring about any-changes in the gonads? 
(ili) Since all the organs of internal secretion appear to influence 
each other, will irradiation of the thymus affect these organs? 
Bearing in mind the rapidity with which the thymus regenerates 
_ after irradiation), (6), the question of possible regeneration masking 
primary effects must be taken into account: this point was not fully 
appreciated at the time of making the experiments, consequently the 
interval between cessation of treatment and death is in all cases some- 
what 
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 B. Effects of irradiation of the male gonads. 

(i) Granted that the spermatogonia and spermatocytes in the 
tubules degenerate, do they disappear by resorption in situ(6), or by 
desquamation(7),(8)? Involved in this point are the contents of the 
irradiated epididymis (6), (7). | 

(ii) After irradiation and subsequent degeneration, do the tubules 
present a vacuolated appearance(), or are the contents arranged in 
shreddy strings perpendicular to the epithelium(0)? 

(iii) What are the possibilities of regeneration in the irradiated 
gonad (6), (9), (10), (11), (12) ? 

(iv) Does irradiation of the male gonads affect any other organs : 
indirectly ? 


C.. Effects of irradiation the female 

(i) Do primordial ova escape while the more mature follicles are 
destroyed (13), (14), (7), (15) ? 

(ii) Are the corpora lutea changed (16), (17)? 

(iii) What effect is produced on the interstitial gland (14), ant 

(iv) Does irradiation of the female gonads affect any other organs” 
indirectly ? 

Further it was desirable to investigate in each case Wiehe a really 
weak dose of X-rays acts along the same lines as a strong dose (3), (4), (19). _ 


Method. Healthy white rats, bred in the laboratory, were used: 
thus there was never any doubt as to the age of any particular animal. 

For the purpose of irradiation the animals were confined in specially 
made adjustable wooden boxes with glass tops. The animal was pro- 
tected by a sheet of lead, the rays being admitted to the required part 
by a small window cut in the lead: the lead was proved to be a complete 
shield by placing a Kienboeck sensitive strip beneath. When a large 
total dose was given in a short time different “ports of entry” were 
used: it was most usual to apply the rays either vertically from above 


in: thip wey. damage to the skin, was pre- 


vented. 

The coil used had an equivalent spark-gap of 14 inches, and when 
using 8 amperes in the primary would give approximately 2M.a. in 
the secondary, when running through the tube. An adj ustable spark- 
gap was used in the secondary to suppress any reverse current. The 
X-ray tube was provided with an automatic regenerator. The pene- 
trating power of the rays was measured with a Wehnelt radiometer, 
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and during the experiments was kept practically constant at 8 Wehnelt 
(i.e. = Benoist). 

The emerging rays were ‘onaeead by a window i in a poe of lead, 
. and then filtered through a sheet of aluminium 1 mm. thick, thus 
filtering out the soft rays and allowing a greater dose to be given to 
_ the internal organs without damage to the skin. The dose was always 
measured by a Kienboeck quantimeter, on which scale 10x represents 
one erythema dose.. The usual distance between eon and sia 
in. these eriments was 15 cms. 
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_-giass plate 
Pb. screen 
body of rat’. Kienboeck strip 
Fig. 1. Arrangement of apparatus. Not drawn to scale. _ Loe 
In all cases the dose was measured, since it has been found) that 
the total quantity given is the important point, the — and = suage 
of doses being relatively insignificant. 
The experiments can be divided into five series: 
: I. Weak irradiation of very young rats entire (4 3). 
- IL. Irradiation of thymus region only (2 3, 1 9). bp 
eit Irradiation of ¢ gonads only (14 3 young, 5 é saul. 
IV. Irradiation of gonads only (179). 
2 adult). 
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THYMUS AND REPRODUCTIVE ORGANS. 44] 
I. Weak irradiation of very young rats entire. 

Four rate of the same litter were used, irradiated at 5 days of age. 
The total dose was 4x, spread over 4 days. The rats were killed 
} week, 14 weeks, 24 weeks, and 9? weeks respectively, after cessation 
of treatment. Results: 

(a) Growth appeared to be hastened. 

- (b) Thymus. There was a general increase of connective tissue 
elements: after an interval of 2} weeks Hassall’s corpuscles were : 
found. 

(c) Male gonads, With. this small dose, sexual devices was 
considerably hastened: the.testes were larger and more advanced in 
development than the controls. This hastening is most marked directly 
after treatment: in the one case observed, copulation did not occur 
before the normal 10 weeks. Since the changes in the thymus are not 
great, and appear only after an interval, the action of the rays on the 
testes is probably direct, and not indirectly through the ae | 

(2) In other organs no changes were — 


IL. of the tyne only. 


One ¢ rat of 114 weeks, received a total. dose of 13xin3 
was killed 3 weeks after cessation of treatment. 

One ¢ rat of 8 weeks was paired with a 9 of 6 weeks: each received 
16x in 10 days, and were both killed 5 weeks after cessation of treat- . 
ment. Results: 

‘ (a) There was no alteration of growth or general appearance. __ 

(6) Thymus. No changes were observed. The rapid regeneration — 
of this organ might have obscured any result, but i in view of results 
in the next section this is improbable. 

(ec) Male gonads. The immature testis was more sensitive than 
the adult organ. Degeneration, in both cases, consisted of the sperma-— 
tids and spermatocytes being set free in the tubules; the spermatogonia 
began to disappear, and the free cells appeared in the unchanged 
epididymis. With the younger rat copulation took place later than 
usual; the female was found to be normal. This must have been 
‘due to: delay of sexual maturity in the male, because its testis when 
irradiated at 8 weeks had presumably reached the stage of spermatids 
already; after reaching maturity, degeneration set in quickly. In 
both cases the interstitial gland was unaltered. 

(d) Female gonads. No change was observed. The ovary is 
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very far developed even at birth; the dose used was not strong enough 
to affect the fully-developed organ. 
(ec) In other organs no changes were observed. 


Ill. Irradiation of the male gonads only. 
(A) Class A, of 14 rats not more than 9 old 
when treated. 
(B) Class B, consisting of 5’rats 
treated. 

(A) Class A (immature rats). a | 

The rats varied in age from 5 weeks. to 84 weeks ove treatment 
was begun: the interval between cessation of treatment and being 
killed varied from 1. week to 64 weeks. The total dose given varied 
considerably: below 21x was regarded as a weak dose; from 22x to 
37x a moderate dose; and above 38x a strong dose. The number of 
doses varied from two to seven, spread over a period of 7 to 28 days. 
In this way no animal was less than 9 weeks old when killed, and at this 
age normally free spermatozoa should be present. Results: 

(a2) There was no alteration of growth or general appearance: 
in @ few animals, when a large dose had been given, there was some 
loss of hair over the testes. 

(b) Thymus. Alteration in size was observed as iio; :. in 
57 p.c. cases the gland was hypertrophied, in 28-5 p.c. cases it was 
normal, and in the remaining 14-5 p.c. cases it was unusually small. 
The change was in no way dependent on the size of the dose. The 
gland was abnormally anwmic in 57 p.c. cases, and abnormally vascular 
in 21-5 p.c. cases. Here again the change is not related to the dose 
given, nor to the change in size of the gland, All the rats showed 
fairly typical Hassall’s corpuscles up to 5} weeks after cessation of 
irradiation; after 6} weeks these were not seen. In no case did the 
controls show these corpuscles. 

(c). Male gonads. Immature testes were very sensitive to ¥ says: 
in 86 pos: cases a very marked decrease in size resulted. — 

A weak dose slightly accelerated development, although some 
degeneration occurred simultaneously. Recovery was complete. 


A moderate dose brought about retarded development and degenera- 


tion. If young when treated (5 weeks), fairly rapid regeneration 
occurred: at 8} weeks no regeneration took place. Whenever degenera- 
tion was shown hypertrophy of the interstitial gland was present: after 
recovery of the seminal tissue this hypertrophy disappeared. 
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_ THYMUS AND REPRODUCTIVE ORGANS. 4s 
A strong dose determined extreme degeneration of the seminal 


_ tissue with shrinkage of the tubules, and marked interstitial hyper- 


trophy. Regeneration did not take place, whether young or nearly 
adult at the time; (the observations were limited to 6 weeks after - 
cessation of treatment). | 

“In all cases the degeneration proceeded along the following lines: 
the spermatogonia nuclei were first affected; then the spermatids 
appeared detached in the lumen and the spermatocytes were affected; 
then the spermatids were broken down. The Sertoli cells were 
unaffected. The cells were most quickly affected when in a state of 
nuclear change; the spermatozoa themselves were not affected. The 
detached cells and debris were at first slightly resorbed in situ, and 
vacuolation of the tubules occurred: as degeneration proceeded they 
came to be arranged in shreddy fragments at right angles to the base- 
ment membrane. Whenever degeneration was observed, cells of the 
sperm line appeared in the epididymis in numbers dependent on the 
degree of degeneration in ae testis: the — cells themselves 
were unchanged. : 

Suprarenal. Yixcessive vascularisation was observed in 28:5 p.c. 
cases, and simple hypertrophy in 14 p.c. No histological changes were 
found, 

Pancreas. In the three cases examined, distinct hypertrophy of 
the islets of Langerhans was observed!. 

Mesentery. were sometiines found 
round the spleen in the mesentery. 

(B) Class B (adult tats). 3 

The rats varied in age from 10 weeks to about 30 weeks at the 
beginning of treatment: the irradiation lasted from 2 days to 18 days, 


_ and from | week to 4 weeks elapsed before the rats were killed. The 


total dose given was from 11x to 38x, the number of doses varying 
from two to five. Results: 

_ {a). No alterations in growth and general appearance were obtained. 

(6) Thymus, In 40p.c, cases there was hypertrophy, and in 
60 p.c. no change. The gland was unusually dnsemic in 60 p.c. cases, 
and abnormally vascular in the remaining 40p.c.: the excessive 
vascularisation corresponded to a stronger dose of X-rays. Hassall’s 
corpuscles were found in all cases, 7 

Tt ia hoped that further examination of this point, with special staining methods 
will be carried out. 
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immature glands, as shown by comparison with class A. In only one 
case, and when giving a large dose, was an alteration of size noticed. 


Some degeneration always occurred, and along the same lines as were 


found in the immature testis. With a weak dose regeneration occurred ; 


with a strong dose it did not. The hypertrophy of the interstitial 


cells, appearing coincidently with the seminal degeneration, disappeared 
when the tubules were regenerated. Wherever degeneration was 


observed, cells of the sperm line appeared in the epididymis. 


--(d) In the other organs examined no changes were oueved 


IV. Irradiation of the female gonads only. 


when treatment was begun. Treatment lasted from 7 days to 28 days, — 


and the rats were killed from 1 to 64 weeks after cessation of irradiation. 

The total dose given varied from 22 x to 43 x, and the number of —_— 
was from four to seven. Results: — 

; (a) No alterations in growth or general appearance were obtained. 

(6) Thymus. Alteration in size was as follows: in 71 p.c. cases 

there was hypertrophy: in 5 p.c. cases atrophy (not true involution): 


and in the remaining 24 p.c. cases no change. The gland was unusually 


anemic in 59 p.c. cases, abnormally vascular in 18 p.c: cases, and 
normal in the remaining 23 p.c. Neither the anemia nor the change 


of size bears any relation to the dose of X-rays. Hassall’s corpuscles 


were found in 77 p.c. cases: in the remaining 23-p.c. more than oF 
weeks had been allowed for recovery before death. 

(c) Female gonads. Alteration in size was 
erratic: some degeneration was always obtained. 

A weak dose caused degeneration of the advanced follicles and 


| hypertrophy of the interstitial gland: the latter persisted, even when | 


the. unaffected young follicles had developed (up to 5} weeks). 
_ A moderate dose caused further degeneration: great vascularisation 
of the organ occurred, and the young follicles were also attacked. 


The development of all the follicles appeared to be — and the 


interstitial hypertrophy was persistent. 
A strong dose determined extreme dimentention’ of ‘the ovogenic 


tissue, even the primordial ova breaking down. Capillary hemorrhage 


occurred. There was apparently no recovery (up to 6} weeks), and the 
interstitial hypertrophy persisted. | 


In all cases degeneration proceeded along the following lines. The 
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‘older follicles were first attacked, the primordial ova yielding only 


to a strong dose. The nucleus was the first to change, the nucleolus 


becoming excentric, and the chromatin beginning to break down. The 
pellucida then disappeared, and later the granulosa also broke down. 
The space originally occupied by the follicle became filled with un- 


recognisable debris. 
The corpora lutea became sinetinaliy vascular, but were otherwise 


unchanged, as far as they were examined. The interstitial gland hyper- 


_trophied, and many eosinophil colloid masses appeared within it. 


(d) Other organs. 
Swprarenal.’ Excessive vascularisation was observed in 47 p.c. cases, 

and simple hypertrophy in 24 p.c. No histological changes were ‘ed. 
Pancreas. In four cases distinct hypertrophy was observed: in 


the two cases examined histologically this was found to be ‘due to 


increase in the size and number of the islets of Langerhans. 
Mesentery. Diffuse masses of brown tissue were sometimes found ~ 
round the spleen in the mesentery : these were absent from the controls. 


V. Equal irradiation of both thymus and gonads. 

Three ¢ rats were used, one 7 weeks of age when treated, and the 
other two 10 weeks. The total dose given to each organ was 12x, 
in two treatments to the immature rat, and 41x in eight treatments — 
to the two older rats. The animals were killed 2}, 3}, and 4} weeks 
respectively after cessation of treatment. Results: 

(a) No alterations in growth or general.appearance were obtained. 

—() Thymus. In-one case the gland was abnormally small; in 


the other two cases there was no alteration. In two cases it was 
abnormally vascular, in the other it was normal. | 


_ In two cases Hassall’s corpuscles were found. | 
(c) Male gonads. Diminution in size was constant: a large Mae 
caused excessive vascularisation. Some degeneration was present 
in all cases. Considering the dose, degeneration was most marked 
with the small dose in the young rat. The degeneration in the 
mature rats was insignificant compared with that in rats under 
similar conditions from experiments in other groups where the gonads 
only were irradiated: The degeneration was along the lines — 
described. Interstitial hypertrophy was constant, but not 
In other organs no observations were made. 


Varther details of are in the following Tables 
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OF Resvtts. 


The immediate effects of irradiation were not ohaeteed, stk con- 
sidering the rapidity with which other workers have found regeneration 


to proceed, these effects had in all probability disappeared before the 


examination was made. nny only lasting or secondary effects 
have been noted. 7 

No: marked change in size brought. about by the doses used was 
observed. The most striking feature was the appearance of Hassall’s 
corpuscles, - As has been said, these structures are not normally present 
in the rat’s thymus, nor did they appear when the thymus only was 


irradiated. If, however, the gonads were simultaneously treated, 


Hassall’s corpuscles appeared: these bodies disappeared after 54 to 
6 weeks. When the whole animal was irradiated very young, Hassall’s 
corpuscles again made their appearance after a short interval. These 
results support the view that the corpuscles are phases of evolution of 
connective tissue elemehts: in the above cases regeneration is pre- 
sumably proceeding, and this is indicated by. the appearance of the 


corpuscles; but after 5} weeks, when regeneration would probably be — 


complete, these bodies are no more seen. But it is remarkable that 
treatment of the thymus alone did not cause their appearance, unless 
the untreated gonads in some way protected the thymus so that either 


_ degeneration was not so great or regeneration was much more rapid. 


Passing to the indirect effects produced on other organs by irradia- 
tion of the thymus, the gonads claim the most important place. 
Irradiation of the thymus alone brought about. slight, but distinct, 
degeneration in the testes, which was more marked in the immature © 
animal (although this may have been due to a slightly larger dose than 
that given to the mature rat). Delay of sexual maturity was observed 
in the male: the female was apparently unchanged. In no case was 
any alteration of the interstitial tissue observed. This is somewhat 
opposed to what would be expected if the gonads and thymus exercise 
a mutually inhibitory action, since treatment (and presumably injury) 
of the thymus would then lead to hypertrophy of the gonads, and 
a hastening of sexual maturity. 

A further remarkable result is that erin te Sines and male 


gonads are simultaneously irradiated, distinct degeneration of the 


mature and immature rats occurs ; but this degeneration 
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is relatively insignificant when compared with the degree of degenera- 
tion produced by the same dose of X-rays when the gonads only are 
treated.. Thus the uninjured normal thymus cannot apparently | 
exercise a protective influence on the gonads, whereas the irradiated 
and injured thymus can do so to a very marked extent. 

Again, treatment of the whole male animal when very young with 
a very small dose of X-rays hastened sexual development, most markedly 
directly after treatment: this may not be connected in any way with 
the thymus, but may have been due to a general “tonic” action of 
the rays on development as a whole, since the animals became large — 
and advanced for their age in a few weeks’ time. 

With respect to organs other than the gonads, irradiation of the 
_ thymus was not observed to exercise any indirect effects. 
As regards the dose of X-rays uséd, when both thymus and gonads 
were treated, a very weak dose in young animals affected the gonads 
in the sense of acceleration of development, whereas in an older animal 
degeneration occurred: with a strong dose degeneration also occurred, 
but only slightly. It is difficult to decide whether the difference is 
due to the indirect action of the thymus, or to the direct influence of 
the rays on the gonads, 


Il. Effects of irradiation of the male gonads. | 
_ The almost constant general result obtained by other workers was _ 
confirmed, namely, that irradiation of the testes determines degenera- 
tion, and that broadly speaking the degree of degeneration varies — 
directly as the dose of X-rays. The previous results as to the relative 
sensitivity of the cells of the sperm line were also confirmed: the more 
immature the cell the more easily is it affected by X-rays, the sperma- 
_tozoa being quite resistant while the spermatogonia succumb at once. 
Further, the more immature the testis is, the more sensitive is it to the 
action of the rays, the adult organ being harder to affect. _ | 
Once the cells begin to degenerate they disappear in one of two 
ways. With slight degeneration, or at the beginning of more intense — 
degeneration, the affected cells appear to undergo resorption in situ: 
since the spermatogonia are first affected this gives rise to some vacuo- 
lation round the periphery of the tubules. But as degeneration proceeds 
desquamation occurs, and spermatids, spermatocytes, and spermato- 
gonia appear free in the lumen of the tubule: these disintegrating 
cells arrange themselves in stringy masses at right angles to the peri- — 
pheral syncytium, giving the appearance of a “shredding” of the 
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entire contents, as'referred to byisome workers. .Wherever this desqua- 
mation occurred the cells involved appeared in the epididymis which 
was itself unaffected. With extreme degeneration the epididymis 


_ came to contain’ only coagulated masses of eosinophil debris. 


As regards regeneration of the affected tubules, if the dose has 
been sufficient to destroy all spermatogonia this cannot apparently 
take place. With a weak total dose recovery is complete and rapid 
in immature animals, and in mature animals it will also také place. 
With a moderate total dose regeneration can occur if the animal is young 
when treated, but if as old as 8} weeks no recovery takes place. 
A strong dose (over 30 x) is of whatever the 


With respect to the interstitial tissue, previous work was confirmed : 
degeneration of the seminal tissue involves hypertrophy of the inter- 
stitial gland, and the latter diss ppears when recovery of the pemninal 
tissue takes place. 

It has been found by many workers that a really weak dose of 
X-rays often caused a hypertrophy of the tissue that it was designed 


to break down, in other words that nuclear division was accelerated 


instead of arrested. Since the chromatin is undoubtedly the most 
sensitive point of the cell, it is quite possible that a weak irritation due 

to X-rays might excite the chromatin along the lines of nuclear division, 
whereas a strong irritation might suspend its activities or even disin- 
tegrate it. The results of the above experiments in giving whole animals 
a very weak dose bear this out—general growth and sexual maturity 
were accelerated; with the stronger doses degeneration of the organs 
treated was invariable. 

With respect to the indirect effects on other organs of iehaclisabn 
the male gonads, the changes in the thymus were well marked. In 
all cases Hassall’s corpuscles appeared: after an interval of 6 weeks 
these had apparently again disappeared. Now Hassall’s corpuscles 
(as mentioned above) are to be regarded as a sign of the death 
and passing away of reticulum cells, and indicate the regeneration 
of these elements; irradiation of the testes therefore determines a 
degeneration of the thymus which is quickly recovered from. On the 
theory of “mutual inhibition,” degenerative changes of the gonads 
should indirectly determine hypertrophy and increased activity of the 
thymus; but the results here obtained oppose this theory and bear 


. out the results when the thymus itself was irradiated, namely that 
_ > degenerative changes in the one organ are — by’ similar 
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_ changes in the other. Incidentally it may be noted that in young 
treated rats hypertrophy of the thymus was common, indicating that 
in these the regeneration exceeds the needs of degeneration. —— 


Of other organs, hypertrophy of the pancreas was fairly common, 


and in all cases examined the islets ‘of Langerhans ‘ ‘were much more 
numerous and larger than in the controls. | 


Ii, Bffects of irradiation of the female gonads. 

Previous work was again confirmed in that degeneration of the 
gonads was always obtained. By varying the dose. given it was found 
that the primordial ova are the most resistant, while the mature 
follicles are the most sensitive. Consequently regeneration can occur 
to the extent of the development of unaffected primordial ova, even 
when all the older follicles have broken down. 

_ Interstitial hypertrophy was constant, and was found to persist 
even when regeneration had occurred. It must be remembered that 
regeneration in the ovary can consist only of removal of the degenerated 
tissue and development of unattacked young ova, and not of increase 


of the germinal elements. Possibly this may be the reason for the 


persistence of the interstitial hypertrophy after all signs of degeneration 
have disappeared, and account, for the difference obtaining in the male 
on this point. 

When degeneration has been excessive, masses of colloid material 


appear among the connective tissue fibres; but in no case was colloid 


found replacing degenerated follicles, as observed by some workers. 

_. The corpora lutea were found to be unchanged by irradiation, 

except that they became extraordinarily vascular. In fact the whole 

ovary became very vascular, and capillary hemorrhage was common. 
A very weak dose was not used for treatment of female rats, so 

that there are no observations to record parallel with the hypertrophy 


results obtained in the male. Otherwise, a dose of 17x was found to — 


_ act along the same lines as a really strong dose. 


With respect to indirect effects observed in other organs, changes 


in the thymus were again the most remarkable. Hassall’s corpuscles 
appeared constantly,, but 6 weeks after the cessation of treatment they 
had disappeared. Hypertrophy and ansmia of the gland were again 
common. These results are exactly comparable to those obtained 
for male rats, and the same significance must be attached to them. | 

Hypertrophy of the pancreas, due to increase in the islets of oe 
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Comotustons. 


“Reference should be made to the points mentioned at the begining 
A. Effects of irradiation of the thymus. 
(i) Direct irradiation does not appear to determine the appearance 
of Hassall’s corpuscles, unless the gonads are simultaneously treated. 
(ii) Irradiation of the thymus only, causes slight degeneration of 


the ¢ gonads and delay of sexual maturity, but no alteration in the 9. 


Trradiation of the whole animal when very young with a very small — 
dose, hastens sexual development in the 3, the hastening being most 
marked directly after treatment. 

Irradiation of both thymus and gonads, causes degeneration of the 
¢ gonads, but not nearly so great as that obtained with an equal dose 
by irradiation of the gonads only. 

(ii) When both thymus and gonads are irradiated, a very weak 
dass in young animals affects the ¢ gonads in the sense of acceleration 
of development, whereas in an older animal a occurs : 
with a strong dose degeneration also occurs. 

B. Effects of irradiation of the male gonads. 

(i) When degeneration occurs there is at first a little resorption 
of the cells involved: as degeneration proceeds the affected cells are 
set free in the lumen of the tubules by deaquamation. This is confirmed 
by the constant appearance in the epididymis of cells of the sperm 
line together with the unchanged spermatozoa. 

(ii) Some vacuolation occurs at the periphery of the tubules due 
to resorption of broken down spermatogonia: but later the desquamated 
cells and debris are found arranged in shreds as radii of a cylinder, 
appearing in cross-section at right angles to the epithelium. 

(iii) Regeneration is possible, depending on the age of the animal 
and the total dose of X-rays. An immature testis is much more sensitive 
to the action of the rays than an adult organ, but it also possesses 
greater recupetative power. If the spermatogonia are all destroyed, 
no regeneration can occur. 

(iv) Thymus. Hassall’s corpuscles appear always, but disappear 
in time. In young rats, hypertrophy is common. : 

Suprarenal. Excessive vascularisation sometimes occurs in im- 
mature rats. 


Pancreas. of the inlets of Langerhans sometime 
occurs. 
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(v) A very weak total dose appears to accelerate sexual evelon- 
ment. A moderate dose causes degeneration of the gonads with a 
possibility of regeneration. A strong: dose causes nimea — 
tion. 
_. (i). Primordial and young ova ate more resistant to ihe action of 

gan than older follicles. 

(ii) The corpora lutea become abnormally vascular, but appear 
otherwise unchanged. 

_ (iii) -Hypertrophy of the interstitial gland is constant, sa persists 


even after apparent regeneration of the ovary: with strong doses 


colloidal masses appear among the connective tissue fibres. - 
(iv) Thymus. Hassall’s corpuscles appear, but in time they 
disappear again. Hypertrophy is common: anwmia fairly common. 


Suprarenal. Excessive vascularisation is common. Hypertrophy | 


is sometimes obtained. 


Pancreas, is sometimes due to the inlet 
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intorlostion of diabetic coma. ‘By 
E. P. Poutton, Beit Memorial Research Fellow. | 


Hasselbalch? has: shown that in the acidosis of 
starvation, the hydrogen ion concentration of the blood remains un- 
altered, #.¢., increase of acid circulating in the blood is compensated for 
by a diminution in its CO, content. Barcroft*, Graham, and Higgins 
have reached a similar conclusion, by means of the: —" 
dissociation curve of the. blood. 

The question still remains open, whale in those much severer 
types of acidosis, that occur in the later stages of diabetes mellitus, this 
compensation still holds good: or whether, as is commonly believed, the 
acids increase to such an extent as to increase materially the hydrogen 
ion concentration of the blood, and thus produce a condition of acid 
intoxication. 

"In order to decide this question, points on ‘the sageatenatabio 
dissociation curves of the blood in diabetic subjects have been deter- 
mined, and the corresponding hydrogen ion concentrations are calculated 
from Peters’ figures’. The were carried out at 


This Journal (Proc. Physiol. Soc.), xiv. p. ‘1913. 
Barcroft. The Respiratory Function of the Blood, 316, 
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Blood Reaction in. Diabetes. 
Sod. bicarbonate 
ss 0000807 738 
22 214 0-000851 = 7°25 
18°6 19°8 0-000884 7°36 
16°8 16°1 000084 ~ 7°36 
M. (l) 161 0000297 738 
12°1 10-T 000083 7°85 
82  0-000216 +719 


This table contains the various observations, the patients bike 
arranged according to the severity of the acidosis, as inferred from the 
alveolar CO, determinations. The first six patients showed an absolutely 


= 
m 
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normal blood reaction, and of these the first two showed no symptoms 


of coma whatever, while F. B, M; T., and E. S. M. (1) were all drowsy. 
B. was described as “fairly sensible,” and died in coma 18 hours later. 
The last two patients, E. H., and E. 8. M. (2) were in deep coma, 


and the blood had distinctly higher hydrogen ion concentration than 


normal, This is well seen in the case of E. 8. M. (2), as in the previous 


observation, E. 8, M, (1), which was taken 22 hours earlier, the blood — 


reaction was normal. 


The fact that patients show definite drowsiness, and yet have : a 
peere: blood reaction, argues against diabetic coma being due to an 


acid intoxication. 


The same conclusion is seowe from the following figures si by 


Bareroft we muscular exercise: 
Alv. 00, 
| mm, xk. Py . 
Normal 
1000 feet in 45 mins. 0°000230 ~722 
1000, feet in 80 mins. 85 0-000168 -709 


The dissociation curve, athe climbing 1000 feet in 30 minutes, had | 
a constant K=0-000168, This is distinctly more acid than the blood 
of diabetic patients in the depth of coma, a few hours before death. __ 


The effort involved in the climb is described as follows: “It was a 
rate of climbing that entailed no distress. It was the fastest rate at 
which respiration could comfortably be performed through the nose. 


Anything slower gave the impression of loitering. Going up in 25 


minutes was a definite effort.” 
Again in cardio-renal disease, Barcroft, Lewis and hare have 
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observed a patient M. P. with slight: ‘+o moderate dyspnaea, with & dis- 
sociation curve K = 000020. 

In both these examples the subjects were obviously not dying om 
“acid intoxication.” 

Hence the term “acid intoxication” should not be applied to explain 
the pathology of diabetic coma, for it cannot be to in 
condition. 


the body (stem-length) in man. By E. W. AIntey WALKER. 


(Prelimanary Communication.) 


Observations have been made on children and young persons (up - 
to early adult age) with the object of ascertaining whether any definite 
relationship could be shown to exist between the length of the body, 
that is the stem-length, measured from the top of the head to the line 
joining the ischial tuberosities, and the body weight. 

Tt has been found that a definite relationship between these 


_ measurements does actually exist throughout the period of growth. 


It can be expressed in the formula / = &. W*, where / is the body length 
in millimetres, W the body weight in ‘grammes, n a power of the 
approximate value 4, and & a constant. : 

A portion of the evidence by means of which this formula has been 
established is set forth in the accompanying table. The table takes in 


all the observations made on children of both sexes up to a weight 


of 50,000 grammes. - The individuals have been grouped according 


- to weight in 23 groups. The average body weights for the groups cover 


@ wide range showing an increase in weight from the lightest to the 
heaviest group of nearly thirteen-fold. _ 

The “best n” for these groups in the formula /=k. W" is found 
to have the value 0°33, the value 0°32 being nearly as good (034 
distinctly less good). 2 

The value of & for each group corresponding to each of these two 
values for 2 is shown in the columns for Length Constant. From these 
values, which are seen to be free from periodicity, the average value 
of & corresponding to each value of n.is determined. Using these 


_ Values of m and & in the formula the theoretical body length is 


calculated for each group from the weight of the group. 
It is seen that the observed values of / are in good agreement with 


_ these calculated values, the average difference between the calculated 
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Children up to 50,000 grammes in weight, grouped—data and calculations 
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in the several groups, 1°62 per cent. 


- On caloulating the two sexes separately with the inclusion of other 
data, for individuals above the weight of 50,000 grammes, the existence 


of a sex difference is brought to light. 


It is found that for males the. best n is 0°33 with a & of 23:23, while 
for females the best a is 0°32 with a k of 25°60. So that for males the 


formula i is | = 23:23 and for females it is = 25°60 


and the observed values being 1:33 per cent, when n is 032 and 1:31 
per cent, when n is 0°38. Moreover when the best (0°33) is taken the 
mean deviation of | for these groups by the method of least squares is 
only 1:80 per cent., or if account be taken of the number of individuals 


Difference 

body body 

Member as caleulated and ob- cal and ob- 

. Average percent- i=k. W" servedin i=k. W" served in 

group group ¢ . n=032 n=033 mm k=257l mm, k=23'26 
1 6 48780 165 2551 22°90 8134 080 8198 1°57 
1°73 26°57 22-97 7973 055 8080 1:26 
8 8 483230 JOOS 1-81 2564 23:04 7825 028 #877 0°94 
1 «40840 189 25°33 2324 7686 048 7782 0°12 
5. 8 4 4 89450 194 26°39 23°28 7600 064 7643 0°09 
1907 26°52 22°97 7491 O78 7628 1°22 
1-07 26°78 28°22 7889 0:30 7428 0°16 
2°06 25°98 23°40 7826 105 7860 0°58 
215 26°98. 23°41 7249 108 #7281 0°63 
10. 10 88020 7823 222 26:16 2868 7180 199 7207 2-72 
‘6 227 2695 28467 7106 210 7181 1:74 
12. 2 1 980190 234 2608 GO77 145 1-14 
8 28300 689°5 2:44 26°98 98°41 668-4 089 0°66 
“4 2°63 26°11 23°59 6622 154 1°40 
2°98 26°38 23°87 631-1 265 2°65 
1. 3 862: 19790 S04 25°39 23°00 6095 123 608-7 1°10 
8°38 25°95 28°54 6898 095 5864 1:19 
B88: 862 24°94 22°65 5571 808 6549 2°65 
4538 24°69 22°48 5194 8°97 5162 3°37 
6&6 8 10200 4°63 2460 22°44 4980 4:50 489:1 8°62 
2606 23°32 4539 184 4492 ° 2°40 
22. 5640 722 2609 2355 4079 O16 4023 1°24 
9-27 26°35 28°34 8604 196 8542 0°36 

Average, taking into account number of individuals in each group 1338 1:31 4 
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The irifluence of pancreatic extracts on the production 
of lactic sold in surviving muscles. Groner 
GowLAND Hopkins. 


The view has long been held that stores 
muscles serve as the precursors of the lactic acid formed in the muscles 
during the survival period. This view. has been strengthened: by the 
recent work of Parnas, and perhaps by the work of Embden, Laqueur, 
and others, who state that the amount of lactic acid. produced; is in- 
creased by the addition of “ Hexose-phosphate ” solution to the muscle, 
while there is a simultaneous liberation of phosphoric acid. The well- 
known influence of the pancreas on the processes occurring during the 
metabolism of carbohydrates made it desirable to investigate its possible 
influence on the formation of lactic acid in the surviving muscles, 

We have performed a series of experiments in which. the pancreatic 
extracts have been added to the minced muscle aud the resulting acid 
yield compared with that obtained from similar samples without the 
addition of the pancreas preparations. We have endeavoured to keep | 
the formation of lactic acid due to the necessary preliminary manipu- 
lations at as low a level as possible. - The frozen, minced, and thoroughly 
sampled muscles are weighed into sets of equal weight. To the first set 
is added enough Ringer’s solution to cover the muscles, To the second 
set a similar amount of Ringer’s solution containing the extract of the 
pancreas, and to the third set, which gives a control of the maximum 
acid production, an identical amount of Ringer's solution only is added. 
The first set is ground immediately with ice-cooled alcohol and sand. 
The second and third sets are incubated at 37° C. for from three to four 
hours, and are then ground with alcohol as above. The lactic acid is 
estimated by the method described by Fletcher and Hopkins. 

We find that the pancreas preparations have an inhibitory action on 
the formation of lactic acid. The effect is not confined to the action of 
the pancreas on the autogenous muscle, but is brought about by pre- 
parations obtained from widely different sources, The responsible factor 
is heat stable and is therefore not trypsin, amylopsin or lipase. In.this 
respect it shows some similarity to Cohnheim’s proposed glycolytic 
factor. — 

Commercial preparations of “ Pancreatin” even when many years old 
are found to contain the factor. 
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of Trinity College, Cambridge). 


of gas. 


In the figure let A, A’ be the normal 
levels of the liquid in the manometer 
tubes; and during an experiment let them 
move from A to P and from A’ to P’. 
Let B be the barometric pressure mea- . 
sured in mm. of the manometer liquid. | 
Let V be the volume of the left hand 
bottle down to the point A, V’ that of 
the right hand bottle down to A’. Let 
p be the: pressure in the left hand bottle 
after volume Va (measured at barometric 
pressure B) has been absorbed, p’ that in | 
the right hand bottle after volume V's’ 


‘has been absorbed. In an experiment — 


the bottles are left open until the tem- 
perature is uniform at 7°C., then closed, © 


and the manometer liquid remains at A, A’. 
more > Ba is absorbed on the left than on the right, and the liquid 


- 1 J, Baroroft. This Journal, xxxvu, Pp. 12, 1915. 


p.16, 


PHYSIOLOGICAL SOCIETY, 
December 11, 1915. 
The differential blood-gas apparatus. By A. V. Hii (Fellow | 
_.. “in 1908 Barcroft' published an account of the differential blood- 
gas apparatus and gave a calculation’ by Sir Robert Ball showing the 
relation between the change of: level and the differential absorption 


The following is a more exact method of calculation : 


The bottles are shaken, 
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moves from A to P and from A’ to FP’. Let the difference of level 


between P and P’ be 2p. Then AP=A’P’=p. 


Then, considering the left bottle, the volume of gas, at the end of 
the experiment, measured at barometric pressure B, is V— Va: measured 
however at the actual pressure p existing inside at the end of the 
experiment (which is not, as Ball assumed, equal to B~p) it is V — pa, 
if a is the area of cross-section of - manometer tube. Hence by 
Boyle’s 

Ve) 
Similarly Va) B=(V' + pa) p’. 
But p —p= 2p. Hence 
Vitpa  V=pa’ | 


1.6. 


~1+pa/V' 


Bat pa/V’ is.a small quantity, as also is pa/V. Hence, approximating 


by the Binomial Theorem, 


| 


This i is the correct formula. 
The following points arise in the use of this formula: 

(1) Vand V’ are volumes of the bottles and therefore are not to 
be regarded as changing with the temperature. 

(2) The formula still holds if V and V’ are quite different. There 
is no assumption that they are even approximately equal. 

(3) Everything is measured in millimetres, square millimetres and 
cubic millimetres, the pressures being in mm. of the manometer liquid. 

(4) It should be carefully noted that « and 2 are fractions and not 
absolute quantities. The quantity of gas absorbed on the left is «V 
cubic millimetres, measured at pressure B and temperature 7. The 
actual quantity, at normal si asia and pressure, is therefore 


“Vx; 
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(5) The same reading is obtained if «V is absorbed on the left as 


if @V’ is absorbed on the right: i.e. when proportional and not ejual — 
quantities are absorbed. 


(6) If the volumes of the bottles are equal the formula reduces to 
| 


which is identically the same. a8 the formula originally given by Sir 3 
Robert Ball. 


The fterimages of simple and compound coloure By 
F. W. EpRipGe-Green and A. W: Porter. 


Positive and negative after-images were obtained both with spectral 
lights of different intensities and also with mixed lights consisting of 


those obtained by interposing coloured films in the path, of white light. 


The experiments were made in a dark room and immediately after 
viewing the light the eyes were closed and covered with the hands. 
Only one eye was used in making the observations. The negative 
after-image of a compound yellow, when obtained, does not change 
colour on fading but behaves like that of a simple yellow. With an 
intense light (arc) seen through yellow, blue-green, or purple films 
(compound colours) for a fraction of a second (or even for several 
seconds, A. W. P.) the after-image was positive on shutting the eyes, did 
not change colour on fading but became paler until it had faded away 
without changing to negative. The positive after-image lasted for 
several seconds. With a feebler exciting light the ~— after- 
image was obtained. 
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"The vascular metabolic conditions of the 


in rabbits. By E. M. Tepe and J. Barcrorr. Com- 


munication.) 


For purposes of comparison it seemed desirable to collect some 
data concerning the rate of blood flow and the oxygen consumption in 
the kidney. In our experiments we used rabbits. 

“The operative procedure was that used by Barcroft and Brodie, 
and later by other observers of the dass exchange of the vant 
with some slight modifications. 


The most difficult part of this technique is the isolation of the renal 


vein from its neighbours, so that blood from the kidney only, may be 
obtained. This often entails exposure and manipulation of the kidney. 


We avoided the detailed dissection of these veins in the following way. 


The cannula from which the blood was taken was put into the vena 
cava just below the left renal vein. When the vena cava was pinched 
between the entrance of the right and left renal veins, blood from the 
left kidney flowed backwards along the carnula. This flow was con- 
taminated in all probability with some blood from the left suprarenal 
body and the muscles of the lumbar region. One cubic centimetre of 
such blood was taken, its rate of blood flow observed and also its oxygen 
as compared with that of the arterial blood. The left kidney was then 


_ ligatured off and a second observation made. The second observation 
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gave the rate of blood flow and the oxygen exchange of the adventitious 
tissues, Both are smaller, frequently much smaller than the corre- 
sponding data from the kidney, which were obtained as the nett result 
of deducting the figures of the ane determination from those of the 
first. 


| 
¢.c. per min. 
I Blood from region of left kidney 

II_ Ditto with kidney excluded 

Blood from left kidney 198° 


Data of and matic cnn of rite Kay 


Mean 20 


Ww Weight Blood-. - og Hb value, 

6-8 0-2 105-98 057 67 68 
05-01 128-120 9 074 88 89 

65. slow 154-197 9 “6 
4. 26 10 slow 105-98 30 «=: 068 118 59 
5 05 100-108 iss 83-7 “164 

1 86 15 02 106-94 2°0 OT 7 
082 59 


injected with uranium acetate. By E. M. Trisz, F. G. Hopkins 
and J. Barorort. (Preliminary Communication.) 


The operative procedure was that described in the above paper M 
Tribe and Barcroft on the kidneys of normal rabbits. Uranium acetate 
in small doses (2 mg. per kilo) was injected subcutaneously the day 
before the operation. The urine was collected for analysis in three 
cases, Some albumen was found in the urine removed from the bladder — 
during the operation in each case, and on two occasions in the urine 
collected from the cage. 
The histological examination of the kidneys showed that the: spaces 
round the glomeruli were much enlarged, the glomeruli themselves 
being.shrunk. There was some breakdown of the convoluted tubules, . 
the other parts of the tubules being unimpaired. The hlood vessels 
contained an abnormal quantity of in: cases 
| 


4 
a 
is 
a 
a 
4 3 
4 
> 
ry 
“4 
¥: 
» a 
a 
A 
‘ 
4 


xii PROCKEDINGS {OF THE PHYSIOLOGICAL 


«Ine spite of this: fact the blood flow was if avything faster than in 
the: nortial rabbits, the oxygen ‘consumption was lower (046 ¢.c. per 
gram min. compared with "082 c.c.) ‘and the venous 

eiierging from the kidney was markedly redder. 


(uranium 
6 15 light. :100-74 
16 #68 #— 68-76 2°2 076 O78 #72. 


Vascular and metabolic conditions in kidneys of rabbits 
injected with diphtheria toxin. By E. M. H. 
and J. BARCROFT. (Prehiminary’ Communication.) 


The operative procedure was the same as ‘that in the abive | 
observations on normal rabbits, The dose of diphtheria toxin was 
2 cx. (gy ¢.c. kills a guinea pig in 4 days). The rabbits were operated 
= two days after the injection. 

The histological reports showed that the glomeruli were swollen, 
coniplesely filling’ the capsules; in most cases convoluted tubules 
some degeneration. 

_ The operations showed (1) that as a wih but not always, there was _ 
an a sean low blood- “pressure ; (2) the rate ‘of blood flow through 
the kidney was much less than in the normal rabbits (-42 ¢.c. per gram 
per min. instead of 20ec.); (3) the oxygen consumption was much 
geduced (0382 instead of C.C.); ® the venous wood was blacker 
normal. 

It ig doubtfal thie vile hi can 
be asennad for by the slowing of the blood flow. ‘In order to test this 
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point the gaseous exchange of the kidney was determined before and 
after the animal was’ pithed The pithing by reducing the arterial 
pressure diminished the blood flow to one-fifth of its former value. 


Before pithing 

After pithing $2 084 
Further control experiments are however necessary. 
The niven diate are the data obtained : | 


Data of vascular and metabolic condition of kidney in rabbits 
injected with diphtheria towin. 


= 


fi 


H. G. Leyton and 8S. C. M. Sowron. 


The injection of horse serum into a duly sensitized living rabbit 
produces anaphylactic shock, but if only the excised heart of a sensi- 
tized animal be perfused with Locke's solution containing horse serum 
up to 20°/,, an anaphylactic effect is not produced. Such reaction as 
may occur, happens also with the hearts of normal animals, Conse- 
quently the anaphylactic phenomenon in the rabbit is apparently not 
due to an interaction between the horse serum and the cardiac tissue 
sensitized to it. 

If however a misture of horse serum and sensitized serum in 
Locke’s fluid be perfused, marked reactions occur both with the normal 
and also with the sensitized excised heart. From this it would seem 
that it is a product of the combination of horse serum and sensitized 
serum which is mainly responsible for the toxic effect, and that it can 
act on normal as well as on sensitized tissue. | 
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The By J. W. TrEvan 
(introduced by Prof. Bainsripae). (Preliminary Communication.) — 


Dreser showed, by injecting acid fuchsin into the dorsal lymph 
sac of the frog and examining the kidney histologically, that the acid 
reaction of the urine was developed in the tubules, but left. undecided 
whether the result. was produced by absorption of alkaline, or excretion 
of acid salts. 

Professor Bainbridge suggested that further light might be thrown 
on the subject by utilising the well-known method of perfusion of the 


' frog’s kidney. This has been done; the results so far obtained are 


summarised below. 

1, Oxygenated Ringer solution containing ‘7°/, NaCl, 025°, 
CaCl,, 034°/, KCl was perfused through the left aortic arch and 
the anterior abdominal vein, the right aortic arch, the mesenteric artery 
and the legs being all ligatured off. Urine collected from cannule 
in the ureters was of the same Pq as the Ringer used. The com- 
parison of the Pu was carried out by matching the colours pretuved 


Similar experiments were made using isotonic incieis (9°/,.) and 


a _ isotonic glucose (4°5%/,) solutions instead of Ringer. There was only 


a trace of chloride present in these solutions. Urine collected was of 


4 d the same Py as that of the perfusing fluid; the glucose solution and 


the glucose urine were of the same Pq which was higher than the 


2. Oxygenated with of the NaCl replaced 
of Na,HPO, and NaH,PO, in the proportion 4 mol: 1 mol was perfused 
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through the aorta and anterior abdominal veins as before. The urine 


had a markedly higher Py than the perfused fluid. The acidity was | 


not due to CO, as it could not be removed by boiling. There was 
a marked PO, reaction with molybdate in the urine. © 

8. Perfusion of Ringer without phosphate through the aorta 
at pressures varying from 25-40 cm. of water together with simul- 
taneous perfusion of the anterior abdominal vein with Ringer 
containing phosphate, so that the glomeruli were supplied with 
Ringer free from phosphate and the tubules with phosphate Ringer, 


gave a urine of higher Py than that of the perfused fluids. The Py ~ 


of the perfusing fluids were identical Py = 8. | 

Perfusion of isotonic lactose of Pg=8 through the aorta and 
simultaneous perfusion of phosphate Ringer through the tubules 
gave a urine of higher Pg than the perfused fluid. | 7 

In one experiment the ligatures around the legs were accidentally 
omitted during a perfusion with isotonic lactose through the glomeruli 
only. The urine remained persistently of a higher Py than the 
perfused fluid until the ligatures were tied. The Py then fell to 


that of the perfused fluid in a couple of minutes. Phosphate or 


some other salt of a weak acid was apparently being supplied from 
the tissues of the legs to the renal-portal system. | 
4 The rate of formation of urine by the glomeruli apparently 
diminishes with increasing “acidity” of the perfusing fluid. 


CONCLUSIONS. 


a. The formation of “acid” urine when only the tubules are 
supplied with phosphates and the failure to form “acid” urine when 
the fluid in the capillaries around the tubules does not contain 
phosphate, show that in the perfused frog’s kidney the formation 
of “acid” depends on the excretion by the tubule of NaH,PO, at 
a greater rate than Na,HPO,. It is not due to the absorption of 
the “alkaline” salt from an “alkaline” glomerular filtrate. 

b. Isotonic lactose and glucose solutions produce urine as readily as 
plain Ringer when used for the perfusion of the frog’s kidney. This 
fact lends further support to the view that the fluid formed by the 
glomeruli isa pure filtration product. It is being taken advantage of 
to carry out some experiments on the excretion of various other 
substances by the kidney. 

‘The work was done for the Medical Research Committee. 
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A note on the action of tissue enzymes on tryptophane. 
By. ANNIE HoMER. 

The experimental evidence hitherto adduced indicates that, under 
normal conditions, the absorption of tryptophane from the alimentary 
tract does not involve its preliminary decomposition by intestinal 

With the object of ascertaining the seat of the metabolism of 
tryptophane in the animal body experiments were conducted in which 
the actions of the tissue enzymes of the liver, spleen, intestine, and 
kidney on tryptophane were investigated. 

In each set of experiments the freshly excised organ (dog) was 
freed from connective tissue and fat and was minced. Half was added 
to a flask containing a certain volume of Ringer's solution in which 
had been dissolved a known weight of tryptophane and, as a control, 
half was added to the same volume of Ringer’s solution containing no 
tryptophane. To the contents of each flask was added a certain volume 


_ of defibrinated blood. The flasks were kept at a temperature of 37°C. 


and @ current of air or of oxygen was slowly bubbled through the 
liquid for varying periods of time. — 

At the end of each experiment the contents of each flask were 
neutralised, boiled and filtered. The residual coagulum of tissue cells 
and protein was repeatedly extracted with boiling water, the extracts 
were added to the main bulk of the filtrate and the tryptophane content 


_ of an aliquot portion of this was estimated by the method joseaend 
_ described by me (Journ. Biol. Chem. 1915, 22, 369). 


Of the remainder of ‘the filtrate one part was acidified, the other 


- was made alkaline, and.each was extracted with ether. The respective 
_ residual liquids and the ether extracts were — subjected to 


steam distillation. 
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. The Liver: was the only organ which acted on tryptophane to any 

appreciable extent for, after a period of from 6 to 8 hours, forty per cent. 
or more of the tryptophane had been decomposed. 
~ In experiments dealing with the action of the liver on tryptophane, 
before proceeding to examine the filtrates from the coagulum for the 
presence of decomposition products of tryptophane it was found 
advisable to remove by fermentation with yeast the glucose formed by 
the hydrolysis of glycogen present in the liver. Yeast itself will react 
with tryptophane to form tryptophol, the alcohol corresponding to 
tryptophane, but the amount of this substance likely to be formed 
during the few hours necessary for the fermentation of the glucose is 
negligible, especially so in view of the fact that yeast has a greater 
avidity for glucose than for tryptophane. 

In every experiment in which the action of liver cells i diadhtes 
was investigated, whether or no the filtrate had been fermented with 
yeast previous to steam distillation, tests for acetone in the steam 
distillates from the acidified filtrates were positive. 

- _The steam distillates from the alkalinised filtrates smelt strongly of 
a fishy smelling amine (not identified). Further, while neither indol, 

indolacetic, indolearboxylic acids nor indolaldehyde could be detected in 

the ether extracts or in the steam distillates there was, in two experi- 


ments, a trace of indolpropionic acid in the ether extract of ~ 


acidified filtrate. 

In the control experiments, i.e. with liver tissue in Ringer's solution 
containing no tryptophane, the same tests for the presence of acetone, 
of indolpropionic acid and of organic amines were applied, but with 
negative results. 

In another experiment in which, to each litre of suspension of liver 
tissue in Ringer's solution, there was added 1°5 gm. of tryptophane, a 
ferrous salt and defibrinated blood there was complete decomposition of 
tryptophane in a few hours. In this case the production of acetone was 
well marked and indolpropionic acid was also present to a slight extent. 
No indol compounds other than a trace of indolacetic acid could be 

detected colorimetrically. 

_ The production of acetone by the action of the cells of the liver on 
tryptophane and the accelerating effect of iron salts on the metabolism 
of tryptophane by the liver are of interest. 

Further experiments will ™ undertaken i in this connexion. 
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> AB note on the effect of iron salts on the metabolism of 
tryptophane in the dog. By Annie Home. 
As it is well established that, in the presence of ‘iron salts, trypto- 


phane is oxidised in vitro with ease by inorganic agents and by tissue 


enzymes it seemed advisable to see what effect the administration of _ 
ferrous salts would have on the metabolism of tryptophane in vivo. 

Feeding experiments were instituted and 
into the following periods : 

(1) A special diet alone, 

(2) The diet and tryptophane, 

(3) The diet, tryptophane, and a ferrous salt, 

(4) The diet and tryptophane, and 

(5) The special diet alone. 2 

The daily excretions of kynurenic acid, of uric ee and of total 

nitrogen were determined. 

During period (2) there was an increase over period (1) in the output 
of kynurenie acid, the amount of which eliminated after the administra- 
tion of a fixed weight of tryptophane was fairly constant for each dog. 
There was no increase in n the uric acid and total nitrogen excretion in 
the urine. 

During period (3) hein was a marked increased Sinbinatics of 
kynurenic acid over that in period (2), in fact the daily excretion from 
the given weight of tryptophane was practically doubled: there was no 
increase in the elimination of uric acid, but there was a slight 1 increase 
in the total nitrogen. : 

On the withdrawal of the ferrous salt from the diet (period (4)) the 
excretion of kynurenic acid fell to the previous value of period (2). 

It was further noticed that, with the dogs under observation, thefe 
was no blackening of the feces during the administration of iron. 
This phenomenon is of interest as it is contrary to experience in man in 
whom the blackening is attributed mainly to the formation of iron 
sulphide, However, it may be that the blackening is due, in part, to 
the formation of highly coloured complexes by an interaction between 
the carbonyl group of substances present in the diet or formed from it 
during digestion and the imino group of a substance containing the 
indol nucleus which substance may have been formed from tryptophane 
as a result of the catalytic effect of iron salts on the intestinal 
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decomposition of tryptophane, whether bacterial or otherwise, or which — 
substance may be some such oxidation product as indolaldehyde, a 
compound known to be readily formed in vitro from tryptophane by 
the oxidising action of iron salts and also known to be of a very 
In the dog it is well established that kynurenic acid 1s to be 
_ regarded as a side line and not as the main line in the metabolism of 
tryptophane. It is therefore quite possible that in this animal, during 
the simultaneous administration of iron salts and tryptophane, an 
increased production of kynurenic acid predominates over the produc- 
tion in the intestine of highly coloured complexes containing indo) 
nuclei: hence the marked difference between the appearance of the 
faces of dog and man after the administration of iron. oe | 
It is purposed to publish the results in detail later. — | 


On the saturation of blood and hemoglobin solutions with 
carbon dioxide. By Gzorce A. BUCKMASTER. | 
In 1868 Preyer’ described a methemoglobin produced by satura- 
tion of solutions of oxy-hemoglobin with carbon dioxide. The centre 
of the band in the red was at 1630. As shown by Menzies? this 
band I of methemoglobin shifts gradually towards line @ when 
solutions of methemoglobin progressively become more.acid; from 
680, to 1642, to 1650. 
I find solutions of oxy-hemoglobin. or blood, when saturated with 
pure carbon dioxide at 20°C. for five hours give the methemoglobin 
described by Preyer, provided that the reduced hemoglobin is re- 
oxygenated during the experiment. If this is not done I have failed — 
te obtain any change except a conversion of oxy- to reduced hemo- 
globin. 
_ Methemoglobin produced in this way possesses peculiar features. 
Band I completely disappéars on warming to 45° C., and also when the 
solution is. pumped free of gas, this is liberated in very large amount. 
But on re-saturation with carbon dioxide this band re-appears, to again 
disappear when evacuated by the pump. These changes can be 
repeated several times and probably indefinitely. : 
: 1 Pfliiger’s Archiv. t. p. 419. 1898. 2 
Journ. of Physiol. p. 418, 1894-95. 
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The change produced in the blood pigment by carbon dioxide is not 
a methemoglobin identical, or even comparable to that produced by the 
action of known amounts of hydroxylamine or ferricyanide of potassium 
to known weights of hemoglobin. Such methsemoglobins are not 
obviously modified by evacuation with a gas-pump. It isalso improbable 
that such a weak acid as carbon dioxide should produce acid hematin ; 

moreover the solution is neutral to litmus. It is however a possible 
view, that this gas produces a marked physical change in oxy- 
hemoglobin, but not one which in vei “ affects the actual structure 
of the | 


‘The fixation of graphic records. By A. F. Srantey Kent. 

_ The efficient fixation of graphic records with a view to their 
preservation and future use is important. Tracings fixed by means of 
older varnishes areshown herewith. They are unsatisfactory on account 
of the thickness of the coating and its liability to crack. The fluids 
are inconvenient on account of lack of cleanliness in use and of the 
excessively long time required for drying. The surface produced is 
highly glazed and renders the records unsuitable for affording fine 
measurements or for reproduction by photography. 

Having occasion to fix and preserve a large number of records, I — 
sought a more satisfactory varnish. The requirements were: Perfect 
fixation, so that the surface of the tracing could even be rubbed with a 
cloth if necessary, absence of gloss, a matt surface being aimed at as 
convenient for photography, entire absence of cracking of the surface, 
cleanliness in working, quickness in drying, and cheapness. 

With regard to the solvent, this must be highly volatile to ensure 
rapid drying, it must have a low surface tension in order that it may 
moisten thé particles of carbon without disturbing them, and, as it 
constitutes the greater part of the varnish, it must be cheap. These 


properties are found in ordinary petrol, the more highly rectified brands 


of which are well suited to the purpose. Many different resins were 
tried as the actual fixing agent, but no single one combining all the 
necessary qualities could be found. Ordinary colophonium resin is a 
good fixative, but cracks badly and is apt to crumble. Solid paraffin 
wax is free from cracking and crumbling, but smears and is not 
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sufficiently hard to produce an enduring surface, By employing “a 


mixture of these two substances the faults of both may be avoided. 


For ordinary laboratory work an excellent varnish may be made as — 


follows : 
100 grammes of ordinary colophonium resin, powdered, ‘and : 
10 grammes of solid paraffin wax, melting point about 52° C., are 
dissolved in 
1000 c.c. first grade petrol, in the cold. 


After twenty-four hours, the fluid is filtered, and is then sean ~ 


use. Only a small portion of the resin will dissolve. 


In order to get a good surface care must be taken that the amount | 


of solid material left after the solvent has evaporated shall be very 
small, If the varnish has been left exposed and has become thick 


_ through evaporation, it must be suitably diluted with fresh petrol before — 


first-class results can be obtained. : 

The above varnish is sufficient for all ordinary needs. It costs only 
about half-a-crown a gallon even in sate days of famine a prion, and the 
results given are good. 

It sometimes happens at lectures and on similar occasions that it is 
desired to fix and immediately to distribute small tracings taken on the 
table, and for this purpose a varnish whith dries even more quickly 


may be made by diluting a few drops of celloidin solution with an — 


ounce of methylated ether sp. gr. ‘717. This is an expensive solution 
_suitable for use on special occasions. For the purpose named it has 
been found to be excellent. 


Creatine and creatinine in the urine of the bird. By W. H. 

(Preliminary Communication.) 

Previous ‘observations in which the bichromate standard was used 
for the estimations had been taken to show that creatinine is excreted 
in the urine of the bird with creatine. In these it was necessary to 
concentrate the urine by distillation under reduced pressure. With 
the newer modification of the Folin method in which the standard 


colour is produced from a solution of creatinine zinc chloride, concentra- 


tion of the urine is unnecessary. Further observations were therefore 
made on two birds—a duck and a drake—using the creatinine standard. 
These confirmed the previous results. Creatine was also fed -and 
injected to ascertain the effects. : 
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The following are the results of these latter observations in which 
the outputs of creatine and creatinine before, during and after the 
feeding and the injection an shown : 


eo Duck, weight 1°85 k. 
Feeding: -1 gram creatine added to food on two successive days 


Creatine Creatinine 
Before 20°87 6-11 
During 88-89 7-35 
After 82-60 474 
Injection: “09 gram creatine on two successive days 
est Before 82°60 4°74 
‘Daring 86-70 5-05 
After 12-00 4°68 


ie Drake, weight 1°65 k. 
Feeding: ‘1 gram creatine added to food on two successive days 


Before 14°82 4°62 
During 28°51 4°85 
After 22°35 4-88 
Injection : "O75 gram (eppror.) of creatine injected on two successive days ; 09 gram 
on third day 
Before 22°35 4°88 
During 80°32 5°06 
After 12°25 _ 
Last day of injection 
6°58 


38°79 


Viscosity and intra-venous injection of saline solutions. 
By W. M. Bay.iss. 


The unsatisfactory effect of sii Ringer's iletion in the pro- 
duction of any permanent rise in arterial pressure, when injected after 
hemorrhage or in cases of loss of arterial tone, is well known. This is 
doubtless due in part to its rapid elimination by the kidneys, owing to 
the diminution of the colloid concentration in the blood, partly also to 
diffusion into tissue spaces for the same reason. But there is another 
factor to which little attention has been given. When we call to mind 
that the peripheral resistance, on which the arterial pressure depends, 
the- force of the heart remaining the same, is due to the viscosity or 
internal friction of the blood, we are led to realize that the dilution of 
the blood by a liquid of so much lower viscosity as a dilute saline 


Pd 
| 
i 

« 

iy 
4 

ay yi 
4 
ofS 
3 
- 
J 
a 
ae 
4 
= 
“Eon 
‘ 
4 
Bx, 4 
¥ 
ty 3 
a 
x 
tens, 
< 
F 
3 
Me 
* 
é 


PROCEEDINGS OF THE PHYS. MAROH 25, 1916. 


solution is must diminish the peripheral resistance in the arterioles to a a 


large extent and thus tend to neutralize its beneficial effect in increasing 
the total volume of the blood. | 

Accordingly, I find that the addition of such substances as gum or 
gelatin, to the extent of about 5 °/, to Ringer’s solution considerably 
improves its efficacy in restoring low blood-pressure. Such an addition 
raises the viscosity to somewhere near that of the blood. Moreover, 
as Knowlton? has shown, the diuretic effect is abolished, since these 
colloids have an osmotic pressure about equal to that of the colloids 


«the blood, Soluble starch serves also to raise viscosity, but has no 
perceptible osmotic pressure and is powerless to prevent the diuresis. 


It has, however, the advantage of being more easily purified. Gelatin 
should be previously soaked in repeated changes of distilled water and 
gum arabic requires acting on with dilute hydrochloric acid to decompose 
the calcium salt, together with subsequent precipitation with alcohol, or 
- dialysis, and conversion of the free acid to the sodium salt. 


1 ‘This Journal, xum. p. 219. 
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Note on trophic secretory bres to the salivary glands, By 
J. N. 


. The interesting experiments of Babkin‘ on the quantitative com- 
position of reflexly secreted saliva gives some evidence that nerve 
impulses can affect gland cells so that the amount of organic substance 
they secrete’ is increased without appreciably affecting the other cell 
processes. He finds that the saliva obtained reflexly by feeding dogs 
with dry powdered meat contains a much higher percentage of organic 
substance than the saliva obtained by pouring dilute acid into the . 
mouth; the rate of secretion, the percentage of salts in the saliva and 
the rate of blood flow from the glands being approximately the same in 
the two cases. Since the rate of blood flow is approximately the same, 
Babkin considers that the results cannot be explained on the theory I 
have put forward*, viz. that there is only one kind of nerve fibre (or 
nerve impulse), and that variations in the amount and percentage com- 
position of saliva depend upon the strength of stimulus, the condition 
of the gland and the quality and quantity of the blood flowing 
through it. 

Whilst Babkin’s results are very striking, they do not seem to me 


be conclusive. 
2 
+ 


1, Assuming that vaso-dilator nerve fibres exist, it is probable that 
the secretory centre and the vaso-dilator centre can be excited inde- 
pendently by afferent impulses from the mouth. Thus dry powdered 
| Arch. f. d. ges. Physiol. 149, pp. 497, 521. 1918. Die dussere Sekr. 4 Verdauungs- 


drisen (Berlin), 1914, p. 86. 
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meat might excite strongly the secretory centre, and but little the vaso- 
dilator centre, in which case the saliva would have a relatively high 


percentage of organic substance. On the other hand the acid might 
excite the secretory centre less but the vaso-dilator centre more, in 


which case the saliva would have a relatively low percentage of organic — 


substance. The data given by Babkin do not seem to me sufficient to 

decide whether such a differential action occurs or not. : 
2. There is another possible factor. In a reflex secretion in w 

different afferent nerve endings are unequally stimulated, the different 


parts of the secretory centre may be unequally affected, and thus — 


different cells secreting different amounts of organic substance may be 
put in action. | 

It may be noted that if Babkin’s results are taken as showing the presence of two kinds 
of secretory fibres, the conclusion involves the view of an unequal action in different 
parts of the secretory centre. Babkin however does not adopt this theory; he considers 
that two kinds of nerve impulse are set up in the same nerve fibre. ee 

The chance of such action is greater when the saliva from two 
glands is taken than when it is taken from one only; and in Babkin’s 
experiments the difference in the percentage of organic substance in 
saliva obtained by different stimuli is in fact greater in the cases in 
which the saliva was collected from both the sub-lingual and the sub- 
maxillary glands, than when it was collected from either the sub- 
maxillary gland alone, or from the parotid gland alone. Ssoae 


Fasoioular and fibrillar contraction in tetanus. By J. N. 
In an account of some observations on the effect of physostigmine 


(eserine) by Kato and myself, we mentioned’ that tetanising currents 


applied to the branches of the sciatic nerve caused after a time fascicular 
and fibrillar twitchings. This effect I find can be readily produced 
both in the mammal and the frog without giving eserine; it is in fact 
a constant result of a certain stage of fatigue. | 


__ A simple method of obtaining the twitchings in a pithed frog is as 


follows: The muscles of the leg are exposed, the 8th and 9th spinal 

_ ‘nerves are tied and cut close to the vertebra, isolated as far as the leg 

and placed on fixed electrodes connected with the secondary coil of an 

induction machine, The minimal strength of currents which will cause 

contraction is determined by momentary stimulation, the secondary coil 
Journ. of Physiol. xuxx. p. 412. 1915. 
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is then pushed up about 5 cm. nearer the primary and the nerve 
stimulated for 2 to 8 mins. Tetanic extension of the leg contirites 
more or less during the whole time, but in about 80 to 60 secs. fascicular 
contractions occur in the muscles, these become smaller and there is a 
shimmering of the surface due to the contraction of separate fibres or 
of very small bundles; these I shall speak of as fibrillar contractions. 
The fibrillation generally begins earlier in the thigh muscles than in 
the gastrocnemius, and varies in extént in different muscles. On 
repeating the stimulation the twitchings usually begin at once, and if 
the stimulation is brief they may be obtained many times. As fatigue 
progresses the twitching becomes less, and it is almost entirely fascicular. 
If currents distinctly felt on the tongue are used originally, the twitching 
is of less duration than with weak currents, and there is marked local 
fatigue of the nerve. If currents close to the threshold are used, 
twitchings begin almost at once; they are mainly fascicular, involving 
a considerable number of fibres so _ the tetanus is broken by small 
clonic contractions. | 

In order to see the small fascicular and fibrillar contractions the 
muscles must be viewed obliquely by light reflected from the surface. 
In the late stages small indentations are seen on the surface of the © 
muscle as if the contraction were stronger in the neural regions of the 
fibres. 

In the rabbit and cat similar effects can be obtained, but the 
twitching is more fibrillar than in the frog. In the experiments I have 


made so far, the fibrillation was much less than in those made by Kato 


and myself in which eserine had been given. We found also that in 
some cases the fibrillation continued after the cessation of the stimu- 
lation, and in consequence we attributed it to metabolites. In my 
recent experiments in which ‘eserine was not given, the twitching 


( _ stopped in the frog on cessation of the stimulus; in the cat in one case 


there were two small fascicular after contractions, but they may have 
been due to some other cause than the stimulation. I propose to 
investigate further the action of eserine, but I attribute the fascicular 
and fibrillar contractions occuiring in the undrugged animal chiefly to 
fatigue in the nerve-ending region and partly to local fatigue of the 
nerve, the factors of which have been investigated by Keith Lucas and 
by Adrian. | 

There has been ‘much discussion as to the cause of the small con- 
tractions often seen on the curves of voluntary and reflex tetanus, and 
until — they were commonly — as showing the number of 
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nerve impulses preoseiling from the central nervous system. It seems 


probable that they are small fascicular — real to those 


described above. 


Frog heart-levers for class work. H. Morrram. 


For some years the writer has been seeking a simple fool-proof 
apparatus for recording frog-heart contractions, and, as the result. of — 


combining and adapting portions of various pieces of apparatus, 

_ together with observation of their use in the hands of students, suggests 
the form described below. — 

As a basis the heart-lever made e the Harvard Apparatus Company’ 

is used and the aluminium lever discarded. A small steel spindle with 


male ends is cut [Fig. I, 2}. A narrow rectangle of thin hard rolled 


Q 2 3 om. 
Figure I. Heart-lever seen from the side without straw. 
1, Clip to hold straw ; 2, steel ends; 8, oontre sorews, female ends; 


4, Harvard heart-lever frame. — 


‘Figure I. 
angles to that in Figure I. The straw is shown in position. 

1, Clip; 8, centre screw ; 4, Harvard heart-lever frame ; 5, straw ; 6, counterpoise 
of modelling wax inside straw ; 7, Sherrington glass writing point, the third arm not 
shown as it projects from plane of paper; oo ee 
to 9, « silk thread to make connection with the apex of the heart. 


1 W. T. Porter, American Journal of Physiology, vit. p. 89. 1903. — 
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sheet brass or phosphor bronze is cut and bent into the form shown 
[Fig. I, 1] to serve as a clip. A hole is drilled through the straight 


portion of the latter to admit the spindle and the two are soldered 


together, The clip and spindle are then placed in the frame of the 


_ Harvard lever by means of two centre screws with female ends so that 


the spindle can revolve with little friction about an axis parallel to the 
shaft of the frame. 

A straw is filled at one end to the depth of about 2°5 cm. with 
modelling wax and is then, placed in the clip so that it almost balances 
around the pivot, with a little bias towards the longend. It is attached 
to the frog’s ventricle as in Fig. II. A long strand of silk is tied at one 
end to a straight pin and the other to a bent pin. The former is thrust 
through the straw at a point that gives a convenient magnification, and 
the bent pin passes through a loop of silk tied on the smallest possible 
portion of the ventricle. Coarse adjustment is made as usual by sliding 
the lever frame up or down on the stand, while fine adjustment is made — 
by rotating the straw so that the slack of the connecting silk is wound 
around the straw. 

As writing point the Sherrington is point isused. A fine sialliany 
tube is drawn and bent twice at right angles. One arm is inserted into 
the open end of the straw: the other end writes on the smoked surface. 
The point is almost frictionless and for student use is even better than 
the Bayliss writing point. 

The advantages of the new form of lever are cheapness, adaptability, 
ease with which parts liable to damage may be renewed and amplitude 
of myocardiograms obtained. The final form of the apparatus is due to 
Mr E. Cracknell, mechanic to the Physiology Department, McGill 
University. Its use during the past - Session has — highly 
satisfactory. 
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to the value of Py in 
terms of its integral part. By W. L. Symes. 

The elegance of Professor Sérensen’s notation, for expressing 
concentrations, has led to its wide employment, in spite of the labour 
attendant on translating the concentration, implied by a mixed exponent, 
into the more readily comparable form presented by a sub-multiple (or 
- multiple) of an integral power of ten. 

‘Translation from either form into the other is rapidly and 
accurately done by reference to a curve, the ordinates of which show 
the sub-multiples of the integral part of any given Py that correspond 
to the decimal parts marked on the abscissa. Plotted on /paper, 
showing sq. mm., on a scale approximately that of the — the 


curve is easily readable to two significant figures. 
The equation to the curve is : 


y= 10-* = antilog,, (— a), 
where # is the decimal part of Py. It is obvious that the curve hold 
_ good for all values of the integral part of Py, because — 
| = 10-* x 10-* 
whatever value a may take, 
The use of the curve is made clear by the following examples : | 
I To translate Py = 83 :—find the ordinate corresponding to the 


abscissa viz. 0°5. This indicates that Py = 83 implies gm.-ion 
in'10* litres 5°0 gm.-ions in 10° litres). 
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': IL To translate 20 gm.-ions per 10’ litres into Py: 

Express this as 0'2 per 10° litres, and find the abscissa corresponding 
- to the ordinate 0°2, viz, ‘7. This indicates that 20 gm.-ions per 10° 
litres implies Pp=67. 


Ne 
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‘The following table is given to facilitate reproduction of the curve, — 
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Simultaneous: records of cerebro-spinal pressure and of re- 
gpiratory movements. By F. L. Gotta and W. L. Symes. 


Opportunity was taken, about two years ago, to connect the needle 
employed for a lumbar puncture, on the human subject, with a membrane 
manometer. The records obtained indicate that, as in lower animals, 
the lumbar cerebro-spinal pressure rises during expiration and falls 

during inspiration. It also rises when respiratory movements are 
voluntarily arrested, when the head is raised, and during muscular 


“Upper tracing, Cerebrospinal pressure. Lower tracing, respiratory movements 
A. 1. Breath held, 
2. Deep inspiration. 
8 and 4. Deep inspirations, between which breath was held. 
B. Cerebrospinal pressure during eupnosa. 
The subjects were lying on their right sides, throughout the observations. 
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| raises the cerebro-spinal pressure, possibly through one (or more) of the 
factors already mentioned. 


‘Whe detonation of recording siphons, By W. L. Symes. 


_ Two important desiderata in recording siphons are (i) that they shall 
discharge so rapidly that their inflow (not recorded) during discharge 
shall be a small fraction of their recorded outflow, and (ii) that, when _ 
fully charged, they shall discharge infallibly, Le. without un-recorded — 
escape of fluid by trickle. 

_ As is well known, the advantage of accelerating outflow from a 
siphon, by increasing its bore, tends to be counter-balanced by the 
greater liability to trickle thereby entailed. te 

This difficulty has been overcome by using two siphons in series the 
first of which (detonating siphon) ensures the discharge of the second 

_ (recording siphon) by passing on the inflow in instalments so large, at a 


es rate 80 rapid as to obviate occurrence of trickle. 


Figure of portion of recording siphon with detonating siphon A in situ. The tube B 
passes through a cork into 9 bottle in which the charge is accumulated and from which 
it is siphoned off when it reaches the bend of 8. C connects with a Marey tambour 
which records the rate of accumulation of the last portion of the charge and the 
moment of its discharge. D rubber sleeve on discharging tube. | 
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In the models shown the detonating siphons have a capacity of 
(approximately) 1:0c.c., and are fully discharged in about one second, — 
whilst the recording siphons discharge 50 c.c. within 5 seconds. The 
discharge is recorded as in Gunn’s model, Serene 
siphon it is a convenient modification. 


‘The apparatus figured and described below 
perfusion of the complete heart under a favourable to — 
survival. 


Fig. 1. A, tube connecting cannula to reservoir of Ringer. B, outlet of 0-0 perleardial 
glass fitting airtight over cannula and enclosing heart in a bath of Ringer. D, vertical 
limb of cannula, for reading perfusion pressure and for escape of air bubbles. 


It is a modification of apparatus, already described’, for perfusing the — 
4—vV (or ventricle) of the frog, substituting a record of output for that 
_ of individual contractions. The cannula is tied into the inferior vena 
cava, as far as possible from the sinus venosus, after ligation of the 
superior cavae and roots of the lungs. The orifices of the divided aortic 
arches are left open. The heart is then inserted, under Ringer's fluid, 
into the pericardial glass without inclusion of air. 

During systole the output of the heart is expelled via the aorta into — 
| the pericardial glass and thence, during the succeeding diastole, #ia the 

outlet B to a suitable recorder. 

It is demonstrated discharging into a modified Gunn’s siphon which 
records the completion of each instalment of 50c.c. received. Fig. 2 i is 
a record of a similar experiment. | 


The advantage gained by utilisation of the entire heart, in place of 


This Journal, xum. p. 
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the A—V preparation, is readily discounted by strain on the wall of the 
sinus, or this reason the pressure, shown in the vertical limb of the 
cannula, must be kept as low as possible ; a head e.g. of 1 em. of Ringer 
is enough to bring about early arrest of the sinus venosus. 


Fig. 2. The upper tracing records instalments of 50c.c. of output. The lower tracing 
shows time in hours. _A total output of 4 litres had been completed at the 18th hour. 
The fluid perfused in the above experiment (Feb, 9th) was 


Nal 65 gm. NaH,PO, 0°03 gm. 
045 ,, Dextrose 10 


Na,HPO, 0-03 ,, 1 lies, 
which cdisicanly proved a serviceable solution. 
According to Dr Houston’s figures given in the Ssoets of the 


Metropolitan Water Board, Thames water contains, after storage, rather 


more than 0°2°/,, of CaCO, (some of which must be bicarbonate) plus 
about #4; as much of CaSO,. These are, together, equivalent to rather 
more than *2°/, of CaCl, This being so, the above solution is virtually 
Locke's fluid plus a phosphate stabiliser. It is distinctly alkaline to 
neutral red. 

The heart demonstrated to the meeting had been set up 25 hours 
previously on the same solution as the above, with a head of 5-8 mm., 
and put out 300 c.c. in the course of two hours. 

Ringer, in his work on solutions made with New River water, 


— much less KCl. 
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On carbohydrate metabolism in experimental hyperthyroldism. 
By W. Cramer and R. McCatt. 


In previous investigations! it had been found that sinteiiisiasal 
hyperthroidism produced by thyroid feeding leads in cats and rats to 
a complete disappearance of glycogen from the liver without, however, 
producing a glycosuria. Two possibilities suggested themselves for the 
explanation of this apparently paradoxical phenomenon: either the 


glycogenic function of the liver may be taken on vicariously by other 


tissues in which glycogen is normally found, especially the muscles; 
or the carbohydrate which disappears from the liver is oxidised. The 
first alternative can be excluded since it was found? that the glycogen 
content of the muscles and heart is not increased but rather diminished 
in experimental hyperthyroidism. The second possibility was tested by 
observations on the gaseous metabolism. An abstract of these observa- 
tions is given in this communication. 

The observations were made on rats. The method of Haldane and 


Pembrey, slightly modified in details, was used and the weighings were — 


made by means of a special balance capable of weighing rapidly 1 kilo- 


gramme accurately to 0-5 milligramme. Hourly estimations of the : 


respiratory quotient from the third to the ninth hour after a meal rich 
in carbohydrates (an accurately measured amount of bread and milk) 
were made. The R.Q. curve thus obtained for normal rats showed the 
typical form: an initial rise of the R.Q. with a maximal value of 1-0 
at about the third hour after the meal followed by a gradual fall, the 


* Cramer and Krause. Proc. Roy. Soc. B, Vol. uxxxvi, p. 650. 1913. - 
* Krause. observations. 
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rise being due almost entirely to an increase in the CO, excretion while 


the O, remained fairly constant. Under suitable conditions the R.Q. 
curve obtained for the same animal on successive days varied only 
within narrow limits. The effect of thyroid feeding which was studied 
in five series of observations on four animals showed two distinct phases. 
In the “early phase” during the first two or three days of thyroid 
feeding, the changes were slight: the post-prandial rise of the R.Q. 
curve was a little prolonged, the CO, excretion was only slightly increased 


_ and the O, absorption remained unchanged. After the second or third 
day the glycogen had disappeared from the liver with the amounts of 


thyroid gland administered and the “later phase” set in. In that 
phase, which was studied up to the fifth day, the gaseous metabolism 
underwent a complete change. There was a considerable increase in 
the CO, excretion and the 0, absorption. The former still showed a 
post-prandial rise with a gradual fall, but the O, absorption instead of 
remaining constant as in the normal animal also exhibited @ pronounced 
post-prandial rise with a subsequent fall. The R.Q. thus became 
completely altered: instead of falling from values near 1-0 to values 
near 0-7 it became flattened out. It still showed a maximum which, 
however, came later than in the normal animal and in one animal was 
observed. as late as the seventh hour after the meal, so that the R.Q. 
curve in this case became actually inverted. The flattened R.Q. curve 
may lie throughout at a high level (above 0-9) or at a low level 
(below 0-85). When thyroid feeding was discontinued the gaseous 
metabolism returned gradually to the normal condition. 

From these observations and the known effects of thyroid feeding 
on protein and fat metabolism the following conclusions are drawn. 
In the “early phase” of thyroid feeding glycogen is discharged from the 
liver and the carbohydrate thus thrown into the circulation together 
with the carbohydrate preformed in the food is oxidised. When the 


glycogen has been removed from the liver, carbohydrate is formed from 


protein and possibly also from fat, and the carbohydrate thus formed is 
then oxidised in addition to that preformed in the food. The action of 
the internal secretion of the thyroid gland on the liver glycogen lies 
thus at the root of the increased oxidation of carbohydrates, proteins 
and possibly also fats produced by thyroid feeding. 

The condition of carbohydrate metabolism in experimental hyper- 
thyroidism has a bearing on our conceptions of carbohydrate metabolism 
in general. For it shows: (1) that mobilisation of liver glycogen does 
not in itself produce glycosuria ; (2) that the organism reacts to an 
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influx of carbohydrate into the systemic circulation by an increased 
oxidation of carbohydrates; (3) that the special relation of carbohydrate 
metabolism to protein metabolism which finds ite expression in the 
so-called. “ protein-sparing action of carbohydrates” is dependent upon 
the normal glycogenic function of the liver and i is not dependent — 
oxidation of carbohydrates. 


regulation of the body. By W. Cramer. (Preliminary com 


munication.) 


While considerable variations are exhibited in the histological 
appearance of the thyroid gland of rats living under natural but 


experimentally uncontrolled conditions, they disappear when the 
animals are housed in a warm room kept at a constant temperature of — 


20-25° C., carefully handled and regularly fed on a suitable diet. The 


on glands then show vesicles moderately distended by well staining colloid — | 


and lined by cubical epithelium. This appearance is very constant and 
is not markedly affected even by thyroid feeding for 3 or 4 days or 
after hemithyroidectomy. 


A distinct change was produced by exposing the animala to cold 


for several days, and even more so, by the production of fever in rabbits 
by the injection of typhoid vaccine. Under these conditions the vesicles 
became collapsed, the lining epithelium became columnar and the 
colloid lost its affinity for certain stains. If the injections of typhoid 
vaccine were repeated at intervals of a few hours the degree of pyrexia 
progressively diminished. The fever was accompanied by a diminution 
in the liver glycogen and by a constriction of the blood vessels of the 
ear. In thyroidectomised animals the pyrexia produced by eed 
vaccine was much élighter than that produced in normal animals. 
_ Prolonged thyroid feeding produced in rats an exaggeration of the 
daily temperature variations. 

Very profound changes in the thyroid gland were produced by the 


subcutaneous injection of B-Tetrahydro-naphthylamine (“B-N”), pro- 
vided that the injection was followed by a pyrexia. The thyroid gland - 


was deeply congested, the vesicles were collapsed, and in some cases 
of very severe pyrexia the: cells lining the vesicles had become detached 
and were lying in the interior of the vesicles. There was also a diminu- 
tion of the liver glycogen, and, as other observers have also noticed, a 
_ sympathetic action (widening of palpebral fissure, contraction of blood 
vessels of the ear, increased pulse rate) and muscular tremors or 
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‘contractions. Some animals did not react to the injections of with 
E @ pyrexia and the other symptoms just mentioned. In such animals 
~the thyroid gland had the normal appearance. 
.. The disappearance of glycogen from the liver in these conditions 
can be referred to the increased activity of the thyroid gland, for it has 
been shown that thyroid feeding produces the same effect. Since 
injections of adrenalin are known to have a similar effect on the liver 
_ glyeogen the question arose whether the action of the thyroid gland on 
the liver is a direct one, or is brought about indirectly by way of the 
adrenal glands. Histological examination of the adrenal glands showed — 
that the changes produced in the thyroid gland by cold and fever were 
accompanied by changes in the adrenal glands. These changes were 
most marked in the B-N fever. The adrenals were larger and heavier 
than normal. This was due to the great congestion of the gland 
especially in the inner zone of the cortex and in the medulla. The 
regular distribution of the fat in the cortex was disturbed. The 
medullary cells stained less deeply with bichromate and, in Zenker 
preparations, showed large vacuoles!. Typhoid vaccine fever and cold 
produced similar but less pronounced changes. The histological 
appearance of the adrenals in f-N fever is in agreement with the 
observations of Elliot®, who demonstrated (in cats) an extensive dis- 
charge of adrenalin from the glands as the result of the drug. 
Es - The following conclusions are drawn from these observations. 
_ ‘The thyroid hormone stimulates the secretion of adrenalin from the 
adrenals. This produces on the one hand a discharge of glycogen from - 
_ the liver which, in 4 previous paper®, has been shown to lead to a general 
rise in metabolism and therefore to an increased heat production. 
At the same time, if the amount of adrenalin secreted is sufficiently great 
to produce its vaso-constrictor effect, there may also be a diminished 
heat loss. The thyroid and adrenal glands may therefore be looked 
upon as part of a humoral or autacoid mechanism for the chemical 
heat regulation of the body. A sudden release of this mechanism 
. produces a fever which in its most pronounced form resembles the 
typical onset of an acute fever accompanied by rigor. 
ttumber of estimations of the adrenalin content of the glands were made using 
. Folin’s method. It was found, however, that the great congestion of the glands intro- 
duced @ fallacy which made this method unsuitable for our investigations. As. Folin 
himself has pointed out, the colour reaction on which this method is based is not specific 
for adrenalin, but is given also by other substances present in the blood. *e 
Elliott. This Journal, p. 374. 1912. 
* Cramer and McCall. These Proceedings, July 1916. This Journal, tL. 
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Demonstration. Some subjective phenomena of vision. By 
F. W: 


The subjective phenomena produced by intermittent light can . 
best demonstrated by means of a rotating cylinder on which paper 
which is half black and half white can be attached. The fixation point 
is then definite and the eye does not wander as is the case with a top 
or revolving disc, When a piece of paper-which is half black is revolved 
and observed with one eye the other being closed and bandaged various 
phenomena will be observed which differ according to the rate of 
rotation. ‘The fixation point appears first as a black spot and then 
currents appear in the middle and periphery of the field of vision, 
these move towards the centre and change it from a black spot to a 
light one. It will be noticed at one time that the foveal region has the 
exact appearance of the cone distribution of this part of the retina. 
Larger black and white spots are also seen in the periphery in a regular 
pattern. It will be seen that the centre of the field of vision appears 
to be in violent movement of a similar character to a whirlpool. It 
will be noticed that the currents which pass across the field of vision 
change their shape as well as their position in the field of vision, this 
is particularly easily seen when the cylinder is viewed through a yellow 
glass. When the cylinder is rotated slowly it will be noticed that the 
white part becomes green the hue of which varies according to the 
intensity of the light and the purity of the black and white. In the most 
favourable circumstances it becomes a bright blue-green but varies 
_ from pale yellow to yellow-green, green, and blue-green. If difficulty 
be found in observing the colour a comparison white may be used. 
When a brighter light is used and the ¢ylinder rotated more quickly 
a rose colour is found intermingled with the green and soon this rose 
colour entirely replaces the green. This rose colour is found in con- 
centric waves which do not follow the movement. of the eylinder but 


converge towards the fixation point and as each reaches the centre this — 


becomes much brighter. 


Bzplanation of these phenomena, 


_ These phenomena are easily explained on the theory that the cones 
are the terminal percipient organs and that the rods aie not percipient 


elements but have'the special function of regulating the photo-chemical 
sensitiveness of the liquid surrounding the cones, different amounts of 
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We should expect that when black and white are rapidly alternated the 
balance would be upset and phenomena such as have been described 
would be seen: Each set of rods would control the distribution of the 
visual purple in its particular region of the retina. The currents which — 
are seen are currents of photo-chemical liquid flowing towards the fovea. 
in order to sensitise it, and account for the changing of the fixation 

point from a black spot to a light one and also for the entoptic appearance 

of the cones. The currents cannot be circulatory phenomena as they 

change their shape as well as their position in the field of vision and 

the centre where the whirlpool movement is best seen corresponds to a 

portion of the retina which contains no vessels. 

The green colour seen is due to the after-image of black and black 
lines immediately adjacent to the black as in the Benham top are seen 
as red by contrast. It is easy to demonstrate that the after-image of 
black is green. If a strip of black velvet six inches by an inch be placed 
on a white surface and viewed with one eye for twenty seconds the 
after-image is a bright blue-green with a red border. If a small piece 
of white paper be placed on the velvet this will appear red in the after- 
image. The rose-coloured waves would appear to be due to the entoptic 
appearance of the liberated visual purple. Light both reflected and 
transmitted has to pass through a layer of the photo-chemical liquid 
before reaching that immediately surrounding the cones. The layer of 
liquid, therefore, acts as a coloured screen. | | 


The vagus regulation of breathing. By J. 8. Hatpanz and 

We have found that the factors in the regulation of breathing which 
were discovered by Hering and Breuer and shown by them to be the 
result of stimuli produced by inflation and deflation of the lungs, and 
to be transmitted through the vagi, can be studied advantageously on 
man. All that is needed is to breathe, with the nose clipped, through 
& tap into a reservoir of air connected with a quantitative recording — 
apparatus, there being also a connection to a recording water-gauge 
from a point between the tap and’the mouth. On closing or partly 
closing the tap the phenomena may be observed. The object of our 
_ experiments has been to discover the precise connection between what 
_ Hering called the self-regulation (Selbststeuerung) of breathing and the 
- chemical regulation due to variations in the CO,-pressure of the arterial 
blood. The connection has hitherto been somewhat obscure, though 
there is clear existing evidence that the main regulation is by CO,. 
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We observed the following phenomena, shown on tracings and in 


experiments to be exhibited :— 

On closing the tap at the end of an olivare inspiration slight 
_ expiratory pressure (about 3 cm. ) is at once shown on the gauge. This 
pressure soon begins to mount up, slowly at first, and then more rapidly, 
till it reaches perhaps 35cm. of water. After a period of 12 or 15 
seconds the expiratory effort, which is somewhat oscillating, is suddenly 
broken by an inspiratory effort which at once gives a negative pressure, 


and which is soon repeated. On closing the tap at the end of an ordinary © 


expiration, similar phenomena follow, but the pressure is inspiratory, 
and begins at a —_ level (about 5cm.), from which it rises pretty 
ra 
7 tap is closed at the middle, or even near the end, of inspiration, 
inspiratory pressure, long continued, and mounting up, is observed ; 
and similarly if the tap is closed midway or even near the end of 
expiration, expiratory pressure follows. An actual inspiratory position 
at the time is thus not necessary in order to produce the continuance 
of expiratory pressure, or an actual expiratory position to produce the 
continuance of inspiratory pressure. . An inspiration or expiration, once 
initiated, tends to go on to completion. 
If the tap is closed during hyperpneea produced by excess of CO, 
— in the air the inspiratory or expiratory pressure mounts up very rapidly. 
If on the other hand the tap is closed at the end of forced breathing 
sufficient to produce apnoea, the initial slight expiratory or inspiratory 


pressure remains steady for a long time (corresponding to the normal | 


duration of the apnoea) before it finally begins to mount up. With 
a single deep inspiration (which lowers the alveolar CO,) the mounting 


up is also delayed. Hence the mounting up of the inspiratory or — 


expiratory pressure is due to the stimulus of CO, acting on the respiratory 
centre. 

If the tap is partially closed, so as to impede the breathing, the 
breathing at once becomes less frequent, and after one or two breaths 
becomes deeper, with a great increase of inspiratory and expiratory 
pressure, so that the rate of total alveolar ventilation is a 
sensibly the same. - 


Further facts, already known, but bearing on the Mietiicn are 


(1) that if the frequency of breathing is voluntarily varied from two 


or three to thirty or forty a minute, the depth being left to adjust itself, 
the mean alveolar CO, percentage remains sensibly constant; (2) that 
in artificial respiration applied to @ conscious person by — or 
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any of the other ordinary methods it is not possible to produce apnea, 
as the depth of the artificial respirations varies inversely with the 
frequency; and if the artificial respiration is applied during previously 
induced apnoea hardly any effect is produced. 
From all the observed facts we conclude that the Hering-Breuer 
stimuli are concerned with inhibiting inspiratory or expiratory effort, 
and at the same time initiating expiratory or inspiratory effort; but 
not with the high pressures gradually developed when breathing is 
prevented or hindered, nor with the continuance of inspiratory or 
expiratory effort. The high pressures are due-to the increasing chemical 
stimulus, and the continuance to the unrestrained action of the respira- 
tory centre. The degrees of distention or collapse of the lungs at which 
the Hering- Breuer stimulus becomes effective are also dependent on 
the existing chemical stimulus to the respiratory centre. If the chemical 
stimulus is strong the degrees of distention or collapse are great; but 
if the chemical stimulus is removed, as in apnoea, a very slight amount _ 
of distention or collapse excites the Hering-Breuer effect, so that — 
the breathing is jammed. The net effect of the vagus regulation of 
breathing is that the respiratory centre and lungs act together as a 
whole, the discharges from the centre coinciding with and ending 
with actual inflations or deflations of the lungs. The depth and vigour 
of the inspirations and expirations depend, however, entirely on the 
chemical stimulus in the long run. There is thus no rivalry between 
the vagal and chemical regulations, since the vagal regulation is entirely 
subordinate to and supplementary to the chemical regulation. Through. 
the vagal regulation the chemical stimulus governs not merely the 
discharges of the respiratory centre, but the actual ventilation of the 


\ 


The control of respiration by the mid-brain. By J. W. TREVAN 
(introduced by F. A. | 


Ferrier and later Newell Martin’ showed that electrical stimula- 
tion of the posterior corpora quadrigemina produced alterations of the 
respiratory movements. Lewandowsky*showed that sections through — 
the mid-brain produced no changes in the respiratory movements until 
the posterior corpora quadrigemina were removed. In the course of 
some experiments described in the previous communication this latter 

ee 1 This Journal, 1. p. 370. 1878, 
2 Arch. f. Anat. «. Phys. p. 196. 1896. - 
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fact was discovered in ieiacnie of Lewandowsky’ 8 work and some 
further observations were made on this point. 


Cats were used and decerebrated under chloroform and ether | 


according to the method described by Sherrington with a very 

slight modification. In making the section the edge of the chisel was 

directed a little more forward than in the original method, so that the 

_ anterior corpora quadrigemina remained intact. This leaves the occipital 

lobes of the cerebrum and these are removed by cutting through the 
mid-brain between the corpora quadrigemina. 


Removal of the posterior corpora quadrigemina produces certain 


changes in the respiratory movements. Lewandowsky likened the 


changes to those produced by double vagotomy. After a preliminary 
period of the respiratory rhythm starts again at a slower pace, 
sometimes irregularly or with long periods of apnoea, and the inspiratory — 


phase is often but not always prolonged. That the effect is not the 
same as that of double vagotomy is shown by the fact that section of 


both vagi, after removal of the posterior corpora, produces a further — 
prolongation of inspiration and slowing of respiratory rate. The animal — 


dies very soon after the section of the vagi from respiratory failure. 


The alveolar CO, was estimated by collecting air from the bifurcation — 


of the trachea at the end of expiration, a series of small samples taken 
from succeeding expirations being pooled in a collecting tube previously 
filled’ with mercury. When the posterior corpora quadrigemina are 
intact the alveolar CO, (sometimes after a erases: ai remains 
constant over several hours, ¢.g. 


Exp. 1. Deverebration sbove post. corp. quad. at 3 p.m. 
4.15 p.m. alveolar CO, 5-08 %. 
6.30 ,, 506%. 


Eap. 2. Decerebration as balers 2.30 p.m. 
4.12 p.m. alveolar CO, 432 %. 
6.15 ,, 443%. 


Exp. 3. a 2.90 pm. behing fortwo to thee 
2.50 p.m. alveolar CO, 524% breathing deep. | 


3.30 ry} 4°17 %. 
3.55 ” 406% breathing very shallow. 
60 ,, 4-00 %. 


geminum the alveolar CO, becomes raised and oscillates widely around 


a fairly constant mean. The respiratory central mechanism is apparently 
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sibs less sensitive to acid when only the medullary portion remains 
although still responsive. 


Exp. 4. ‘Decerebrate cat. 


~ §.30 ,, alveolar CO, 5-97 %. 


6.15 ,, per 5-09 % (slow deep breathing). 
6-85 %, (towards end of a period of apnmwa). 


The position of the nervous centre concerned is very limited. It is 
at the level of the posterior boundary of the posterior corpora quadri- 
gemina and to the dorsal side of the iter. Newell Martin located the 
centre stimulated in his experiments in the grey matter around the 
iter. The more posterior the section the greater the effect on the 
respiratory rhythm. The result is not due to the stimulation of an 
inhibitory centre for further sections do remove it, while the manipula- 


. tion of the posterior corpora quadrigemina before removing them and 


during’ the removal produces hyperpneea. 

When the posterior corpora quadrigemina are removed administra- 
tion of carbon dioxide or lactic acid still produces hyperpneea. 

It is suggested that the respiratory “centre” instead of being 
localised to a small part of the floor of the fourth ventricle is a chain 
of neurones extending along the whole of the floor of the fourth ventricle 
and some little distance into the iter, and that removal of any part of 
this chain produces profound alterations in the coordination of the 


‘respiratory movements. 


I propose to continue the investigations along similar lines. : 
The work was done for the Medical Research Committee and I have 
to thank Professor Bainbridge for much valuable assistance and 

advice. 


On morphogenetic changes in the pancreas produced by thyroid 
and pituitary feeding. By M. cise Staff-Surgeon Imperial 
Japanese Navy. | 

The of 0 the food of 

(rats) produces pronounced morphogenetic changes in the pancreas. 

After a few days’ thyroid feeding the gland cells multiply, their 

nuclei exhibiting marked evidence of karyokinesis. Accompanying 

this change there is a diminution in the amount of zymogen contained 
in the cells, which are now much smaller than normal. After two or 
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three weeks the cell multiplication ceases and zymogen again accu- 
mulates, so that the cells increase in size, a general enlargement of the 
gland being ultimately effected. The effects are obtainable with boiled 
extract. 
. Changes of an entirely different nature are produced in the pancreas 
by adding pituitary to the food. There is no sign of karyokinesis, 
nor is the amount of zymogen granules in the cells appreciably 
diminished, but its character is altered, for it no longer stains intensely 
red with Mallory, Moreover the gland cells are much vacuolated. 
Accompanying this condition of the cells there is a general oedema of 
the whole organ so that the lobes and lobules are separated from one 
another by considerable spaces. The cedema does not extend into 
the islets of Langerhans, which have a compact appearance. Their 


cells stain more deeply with Mallory than in the normal pancreas; 


this is due to an accumulation within them of granules which are 


coloured of an orange tint by Mallory’s stain. These changes in the 


pancreas are produced by the posterior lobe of pituitary. No effect 
is seen if anterior lobe alone is added to the food, | 

The cedematous condition is obvious to the eye ini the fresh gland. 
It ig not confined to the pancreas, being noticeable also in some other 


organs such as the liver and testicle: but it is not general and is not 


to be seen in the subcutaneous areolar tissue. 
The work was done in the Physiology Department of the University 
of Edinburgh with the aid of a grant from the Moray Fund. 


A simple apparatus for illustrating the Listing- Donders law. 


By C. 8. SHERRINGTON. 


The usual demonstration of the Listing-Donders law employs see: 
images; no other method is available for a laboratory as ordinarily 


equipped. The after-image method, requiring the observer specially — 


placed in regard to objective-source and screen, is impossible of employ- 
ment for a lecture audience. 

With the following simple apparatus a lecture-class can in five 
minutes be shown the working of the law, its effects on visual images 
and something of the significance of these for visual space. 

_ A brass cup, somewhat less than a semi-sphere, is supported by 
_ gimbals. The pivots of the inner pair of gimbal-pivots lie in one vertical 
plane and are attached to the free border of the cup and to @ brass 
. Ting otherwise free from but surrounding the edge of the cup and 
concentric with it. 
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line and attach the above-mentioned brass ring to the inner faces of the 
ends of the branches of a bifurcate brass rod; the stalk of this rod is 
fixedin a horizontal clamp carried at upper end-of a vertical standard 
with tripod base. The brass cup can by clamps be retained at any 
required moderate a al of rotation round the axis of either ~— of 


gimbal-pivots. Rigidly attached to the top of the outer face of the 
cup is @ short brass rod which carries a long horizontal spar. A steel 
wire strut fastened to a short brass pillar jutting upwards from the — 
fixed end of the spar stretches to the free end of the spar and stiffens 
it. A downward side-piece from the free end of the spar carries pivoted — 
to it a card-disc, set at right angles to the length of the spar and free 
to rotate around its centre on an axis which passes through the 
ceritres of the mouth and bottom of the cup. When the inner and outer 
pairs of gimbal-pivots lie in the same vertical plane this axis runs also 
along the centre of the horizontal fork-piece clamped to the top of the 
vertical iron standard. — 

Through the back of the metal cup are pierced five small similar 
holes. One of these lies at the centre of the bottom of the cup; the 
four others are equidistant from it, two in a horizontal plane with the 
centre one, two in a vertical plane with it. 

~~ Attached by brass supports behind the cup is a small electric lamp 
shut in a cylindrical screen. In the latter a ground-glass window allows 
the lamp to illuminate the perforations in the cup, so that the five 
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perforations seen from the front opening of the cup appear as ave 
bright points. A simple biconvex lens carried by a holder dependent 
from the aluminium spar lies in front of the aperture of the cup and is 
centred on the central axis of the cup. It throws sharp images of the 
illuminated perforations in the cup upon the face of the card-disc in 
front of the cup. The image of the central perforation falls upon the — 
centre of the card-disc. On the face of the card-disc turned toward the 
cup two diameters are marked out cutting the circular disc into 
quadrants. A weight fixed to the disc edge at end of one of these 
diameters makes the disc take up a position such that the other diameter _ 


is horizontal, The images of the two perforations which lie in one 


horizontal of the back of the cup fall upon the horizontal diameter of 
the disc; those of the other two perforations on the vertical ev 
of the disc, 

The metal cup represents the back of the eyeball. ie sicienl 
perforation is supposed to lie at the fovea. The images of the five © 
holes thrown on the card-disc represent the subjectively projected visual 
_after-images of the centre and ends of a rectilinear equilateral cross 
impressed physiologically upon the retina. 

To illustrate the Listing-Donders law the fonk-shaped horizontal 
holder of the outer gimbal-bearings is clamped so that its two branches — 
lie in the same horizontal plane, and the outer and inner gimbal- 
bearings are so clamped that the centre of the card-dise and the central 
hole in the bottom of the cup lie in the same horizontal line with the 
clamped stem of the fork-piece. That position represents the primary 
position of the eyeball. Starting thence the ordinary sequence is 
pursued as in the demonstration of the law by the after-image method. 
The clamp holding the horizontal fork-support is kept tight throughout. 
The images on the card-disc show that no twisting of the cross they 
form occurs with pure vertical or horizontal rotations of the cup 
representing the eyeball; but its rotations about oblique axes in Listing’s — 
plane bring “false torsions” of the image. 

With the apparatus no distortions of the cross appear, just as. no 
such appear by the after-image method carried out against a screen 
whose plane is kept always perpendicular to the visual axis. When 
the spar has been tilted into one of the oblique positions which by the 
after-image method give to the observer's eye distortion of the cross, 
the corresponding distortion can with the apparatus be shown at once 
by 
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“True torsions” can be illustrated by releasing the clamp of the 
horizontal — and rotating its stem in the clamp-sooket. 


By W. H. Hurriey and J. TREVAN. ‘(Preliminary 
| communication.) | 


One of us (W. H. H.) has formed 
work on diabetic patients excreting large quantities of B-oxybutyric 
acid and acetoacetic acid that the phenomena of diabetic coma are 
due to poisoning by acetoacetic acid in the form of salts and not to a 
so-called acidosis. The reasons have been stated at length in a paper 
which is to appear in the next issue of the Quarterly Journal of Medicine. 
Here it may be stated that the acid is almost innocuous when given by 


_ mouth and the reason suggested is that it is rapidly converted into 


B-oxybutyric acid by the liver (which is known to have this power). 
B-oxybutyric acid is far less toxic than acetoacetic acid as would be 
expected from the facts that (a) it is a much weaker acid (by eight 


times), and (6) it contains a secondary alcoholic group in place of the — 
far more chemically active enolic grouping —C.OH = CH—. It is 


well known that ethyl aceto acetate exists in two forms 

I, CH,COCH,COOC,H,. II. CH,C.OH = CHCOOC,H,. 

Only the enolic form gives the colour reaction with ferric chloride. 
Since acetoacetic acid and its alkaline salts give the ferric chloride 
reaction, it may be assumed that the enolic form is present in them. 

. The purpose of this communication is to show that acetoacetates 

and certain other substances also containing the group —C .OH = CH— 
when: given subcutaneously and intravenously to cats all produce 
phenomena resembling those observed in diabeticcoma. The substances 
so far tried are 


| CH, .C. OH =CH. 0000,H, Ethyl acetoacetate 
CH, .C.OH=CH .COONa Sodium acetoacetate 


and their physiological ‘action is strikingly similar. We propose 
pursuing the further substances with the 
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The effect of these substances has been investigated in 
(1) their action on the intact. animal, 
their action on decerebrate animals. 

In the intact animal only acetyl acetone has yet been tried. A dose 
of six grammes given subcutaneously to a cat weighing 2-39 kilos 
(29 grammes per kilo) killed it in 40 minutes after producing “air 
hunger” and coma, with increase of _ rate and final respiratory 
failure. 

‘In decerebrate animals the effect varies with the level of the 


“decerebration.” If the posterior corpora quadrigemina are intact the — 


injection of doses of the order of 0-2 gm. per kilo of any of the above- 
mentioned substances: produces hyperpncea and increased rate of 


respiration. 
Acetyl acetone we have shown to produce also a lowering of the 


alveolar CO, percentage which persists long after any record of al 


pnea can be obtained. 


Exp. Cat decerebrate, posterior corpora quadrigemina intact, 
6.30 p.m. alveolar CO, 4:36 % (after remaining constant 3 hours). 


6.40 ,, injection of -5 gm. acetyl acetone intravenously in saline. — 
6.48 ,, alveolar CO, 266%. 

7.18 ,, injection of ‘2gm. acetyl acetone 


7.22 ,, alveolar CO, 1:76 %. 


_ The substances injected are neutral bodies and so the effect is 
presumably not due to an alteration of hydrogen ion concentration. 
The doses necessary are less than the quantity found in the human 
body after death from diabetic coma and probably much less than the 
amount per kilo which is present in life because of the conversion of 
acetoacetic acid after death into B-oxybutyric acid. 

With the posterior corpora quadrigemina removed the injection of 
these substances gives rise to radically different effects on the respiratory 
movements. There is then produced first a period of apnea which is 
followed by respirations of gradually increasing depth but of the same 
rate as before the injection. The depth of respiration finally becomes 


the same as that before the injection. As mentioned in the succeeding — 
communication lactic acid or CO, still produces hyperpnoea when the 


posterior corpora quadrigemina are removed. 

There are also vascular effects shown by both classes of Tecaieesio 
cats with all four substances, which consist of a preliminary central 
vagal inhibition of the nance which passes off in the course of about 
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® minute and is followed by a prolonged and gradual quickening of 
the heart and fall of blood-pressure. 

So that we have in this group, neutral- substances which cause 
hyperpneea when allowed to act on the mid-brain and apnea followed 
by an unchanged respiratory rhythm when the posterior corpora 
' quadrigemina are removed. Acetyl acetone in addition has been shown 
to produce lowering of alveolar CO, tension in the first case and the 
symptoms of diabetic coma in the intact animal. The common factor 
in the four substances is the group —C .OH = CH—. 


We have to thank Prof. Bainbridge for much valuable advice and 


The work was rendered possible for one of us (J. W. ~ by & grant 
from the Medical Research Committee. | 


Note, The disodium salt of soctonedicarboxylic scid has been examined, since writing 
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The effect of prolonged excitation of the ee nerves on the 
creatine content of limb muscles. By W. H. Tompson. 
communication.) | 


Cats decerebrated according to Sherrington’s method were. used. 
The muscles of the right thigh and leg were removed after ligature of | 
all blood vessels at the top of the limb, and used as the standard of 
comparison. Both the anterior crural and sciatic nerves of the left 
leg were then excited intermittently for two to three hours :—one 
minute excitation, two minutes rest. The muscles of this leg were — 
then removed and treated as those of the right. Analyses were made 
of the content of creatine, creatinine, water, total nitrogen and ash. 
' Control experiments were also performed in which the nerves on the 
_ left side were divided but not excited. The results showed practically 
F. me change in the content of creatine, of total nitrogen or of solids. 
This is in harmony with the findings of most other observers, though 
most previous workers had overlooked the necessity of determining ssa 
water content of the muscles compared. 

A variation of the experiment was then carried out. The sunbenit 
crural artery of the left leg was ligatured prior to the excitation, thus 
cutting off a large part of the blood flow through the limb muscles. 
It was thought that possibly in this way, products of activity might 
escape being washed away by the blood stream. The results of four 

oe are shown in the table below. 
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Rffects of excitation of the anterior crural and. sciatic nerves on the creatine 
- content of the leg muscles—the anterior crural artery being Wgaiured. 
75-293 4672 -4690 3-814 
78312 -42996 4486 3-556 
(R. 76-225 +4742 3-799 
L. 77-745 4280. 4436 3-416 
R. 76034 4464 4446 
Bat. 10 14239 4172 


It will be seen that in three of the four experiments the water 
increased in the excited muscle. This in itself would produce an — 
apparent reduction in the content of creatine: hence it is necessary 
to compare the creatine content of the muscles with a like proportion 
of water on the twosides. This latter is shown in column 3 of the table 
from which it is apparent that a considerable reduction of creatine has 
taken place in the contracting as compared with the resting muscles. 
Control experiments in which the nerves were divided but not subse- 
quently excited, and the anterior crural artery ligatured on the left — 
side, showed no decrease in the creatine of the muscles. On the contrary 
there was a slight increase. 

The significance of these results is not at present clear. Tentatively 
it may be assumed that creatine is ‘used up’ or transformed during 
contraction, but is as rapidly restored if the circulation be. normal. 
When however the muscles are deprived of a large part of their blood 
supply as in the experiments here recorded this restitution does not 


take place. Further experiments are in progress. 
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The “Monday Effect” in Industry. By A. F. Kent, 


That workers are often less efficient on Monday than on other ind 
of the week is a matter of experience. The fact has been regarded as 
a result of a misuse of the week-end leisure and of the week’s wages. — 

The week-end rest affects both fatigue-production and recovery 
from fatigue on the one hand, and output on the other. Not only is 

there a feeling of lassitude and a disinclination to work, but also dimin- 
ished efficiency when work is attempted. 

The phenomenon may be observed in industrial occupations, and 
also in occupations other than those usually carried on in factories. 
In typewriting, for instance, in writing shorthand, and in knitting, 
full efficiency after a rest is only attained as a result of some minutes’ 
practice, the amount of practice necessary bearing some relation to the © 
length of the previous rest. The process recalls the familiar behaviour 
of muscle, which, after rest, shows a progressive improvement as a 
result of activity, the initial contractions being smaller than those 
which follow, and the first being often the smallest of the series. -— 
case effect, Treppe.) 

- Tested by a measurement of complex reaction time, aoe of sight, 
acuity of hearing, and blood-pressure, the state of the worker appears 
to undergo the following changes : 

On Monday morning the condition is unsatisfactory. During 
Monday’ s hours of labour there is an improvement, and on Monday 
evening the condition is better (the worker shows less “ fatigue”) than 
in the morning. During Monday night.a deterioration: takes place. 
On copia the ordinary effect of labour i is seen, and. the worker is 
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more fatigued at night than in the morning. If no work is performed | 
on Monday, the “Monday Effect” may be transferred to the following 
day, and on Tuesday both the recovery during labour, and the deteriora- 
- tion during the night will be noticed. 
__ Similar results have been obtained with regard to output, which is — 

often unsatisfactory at the beginning of the week, but i improves after 
work has been in progress for a time, Unsatisfactory output is also 
found in the first working period of other days of the week, but i — 
in the later periods. 7 | 
_. ‘The universal experience in a works employing 300 n men and women 

was that Monday gave the smallest daily output, and that after all 
holidays the output went down—not up. 

Misuse of the week-end leisure may take the form of excessive 
eating, excessive drinking, late nights and insufficient sleep, or dissipa- _ 
tion of other kinds. But the food taken by the majority of the workers _ 
is by no means excessive, many of them are total abstainers from 
alcohol, and they usually go to bed at the same time on Sunday night 
as on ordinary nights of the week, and on Saturday only a little later. 

Moreover, Monday’s inefficiency may be postponed to Tuesday, if — 
on Monday no work is performed. In the first working period of 
ordinary days efficiency is often low, but shows an improvement in — 
the second period. Such an improvement may fail to appear, however, 
if the work of the first period is not performed. . In both of these cases 
high efficiency is only gained after work has been carried out. 

_. Thus the evidence points to the real cause of inefficient work on 
Monday, and in the first working period of any particular day, being 
traceable, not to: any injurious influence acting on the worker, but 
rather to an abstention from work, resulting in operations, which—as 
a result of practice—are ordinarily performed quickly and well, being 
to some extent forgotten, and to that extent requiring to be re-learnt 
before the old efficiency can be regained. It is, in fact, a matter of loss 
of co-ordination rather than of actual fatigue. — | 

The Monday inefficiency i is often absent in the case of operatives _ 
who are commencing new work, and in the case of untrained workers _ 
imported from outside. These individuals, not having learnt their 
work thoroughly, show little deterioration as a result of the week-end 
reat. They have less to forget. than veteran. workers. 

The chief interest of the whole subject at the present time centres 


in the fact that is affected the of 
co-ordination 
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